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INTRODUCTION
The needs of man are basic; food, shelter and colthing.
The latter two are relatively stable once they have been met.
The need for food is a different matter. A nomad stock,
like the Bedouins of Arabia, may be exceptionally intelligent
and vigorous, they may display high qualities of character
like courage, generosity and nobility; but without that
simple "sine qua non" of culture, a continuity of food, their
intelligence will be lavished on the perils of the hunt and
the tricks of trade, and nothing will remain for the
amenities, the arts, and the comforts of civilization. This
suggests that the first form of culture is agriculture. It
is when man settles down to till the soil and lay up
provisions for the uncertain future that he finds time and
reason to be civilized. Within that little circle of
security - a reliable supply of water and food - he builds
his huts, his temples and his schools; he invents productive
tools, and domesticates the dog, the mule, the pig, at last
himself. He learns to work with regularity and order, main
tains a longer tenure of life, and transmits more completely
than before the mental and moral heritage of his race
(10, p. 2). Agriculture is a beginning for the economic con
ditions of civilization. By adding to this the mechanisms of
transport, the process of trade, and the medium of exchange.
man is brought up to the present day.
The United States has steadily increased in the produc
tion of feed grains* since 1956 and by all future estimates
it appears that this trend will continue. See Table 1. Also
note that since 1957 the amounts used for domestic utiliza
tion have generally increased along with the trend in produc
tion. The exports increased a little over five fold from
1955 to 1966 and then began to decline. The carryover has
also declined in recent years and the decline has offset in
creases in production thus limiting increases in total
supply.
Examination of Table 2 for soybeans shows that produc
tion has increased almost five fold since 1953. Domestic
utilization has increased almost four fold and exports by
eleven fold since 1953. It also appears that the trend will
continue.
Examination of Table 3 for wheat indicates that produc
tion has generally increased in recent years with a corre
sponding trend in domestic utilization. Exports have
fluctuated over the last ten years.
The value of feed grain exports for calendar year 1969
was $0.86 billion and in 1970 was $1.06 billion, a 26 per
*Feed grains: corn, oats, barley, and grain sorghum.
Table 1. Feed qi
3
ion. utilization and carryover
Year Beginning Production Otilization^ Ending
October 1 Carryov
Domestic Sxport October
1950-51 113.1 109.4 6.4 28.6
1951-52 104,8 109.8 4.8 20. 1
1952-53 111.0 100.5 5.3 27.0
1953-5a 108. 3 102.0 3.8 31.7
1954-55 114.1 102.1 5.5 39.1
1955-56 120,8 109. 4 8. 1 43. 2
1956-57 119.3 106.9 7.7 48.8
1957-58 132.4 113.4 9.8 59.0
1958-59 144. 1 123.4 12.6 67.5
1959-60 149,5 130. 1 12.8 74,6
1960-61 155.5 132.8 12.7 85.0
1961-62 139.8 135. 8 17. 3 72.2
1962-63 141 .7 132.9 16.8 64.4
1963-64 153.8 130.5 18.8 69.3
1964-65 134.2 127,5 21.6 54.8
1965-66 157.4 141.3 29. 1 42.1
1966-67 157.6 140.9 22.0 37.1
1967-68 176.0 141.8 23. 3 48. 3
1968-69 168.9 148.9 18.4 50.2
1969-70 174.6 155. 6 21.2 48.4
1970-715 159.0 154.0 18.9 35.0
1971-72« 200.4
^Source: Futrell and wisner (12, p. 8) .
2A11 amounts are in million tons.
^Utilization in feeding and marketing year beginning Oc
tober 1 •
♦Carryover at end of feeding year. For example, 28.6
million tons was the carryover October 1951.
^Preliminary reports.
^August 1 indicated estimates.
Table 2. Wheat production f
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utilization and carrvoverl_£
Year Beginning Production Utilization Ending
July 1 Carryov'
Domestic Export July 1
1952 1,306 661 321 606
1953 1,173 634 220 934
195a 98U 611 278 1,036
1955 937 604 346 1,033
1956 1,005 589 549 909
1957 956 592 402 881
1958 1,457 609 443 1 ,295
1959 1,118 597 510 1,313
1960 1,355 603 662 1,411
1961 1,232 608 719 1,322
1962 1,092 580 644 1,195
1963 1,1U7 588 856 901
1964 1,283 644 725 817
1965 1,316 731 867 535
1966 1,312 679 744 425
1967 1,522 648 760 539
1968 1,576 754 544 819
1969 1,460 791 606 885
19703 1, 378 799 735 730
1971* 1,601 780 650 902
^Source; Futrell and Hisner (12, p. .
2A11 amounts are in million bushels.
3Preliminary reports.
♦Estimated.







1953-54 269.2 243.4 40. 1 8.1
1954-55 341.1 269.3 57.3 22.6
1955-56 373.7 306.7 68.6 21.0
1956-57 449.3 355.0 83.7 31.6
1957-58 483.4 383.8 88.4 42.8
1958-59 580.2 430.2 105.0 87.8
1959-60 532.9 429.0 139.9 51.8
1960-61 555. 1 445. 1 134,7 27.1
1961-62 678.6 478.0 149.4 78.3
1962-63 669.2 521.0 180.5 46.0
1963-64 699.2 490.7 187.2 67.3
1964-65 700.9 526.3 212.2 29.7
1965-66 845.6 589. 1 250.6 35.6
1966-67 928.5 612.4 261 .6 90.1
1967-68 976. 1 633.3 266.6 166.3
1968-69 1,103.1 658.0 286.8 324.4
1969-70 1,126.3 792.0 428.7 230. 1
1970-715 1,135.8 831,0 425. 0 110.0
1971-726 1,235.5
^Source: Futrell and Wisner (12, p. ID) .
^All amounts are in million bushels.
'Marketing year beginning September 1.
♦Including residual quantities (usually small) unac
counted for, but apparently represented by handling losses
and statistical errors.
spreliminary reports.
^August 1 indicated estimates.
cent increase. The value of soybean exports for 1969 was
$0.82 billion and was $1.22 billion for 1970, a 49 per cent
increase- The value of wheat exports for 1969 was $0.86 bil
lion and for 1970 was $1.14 billion, a 32.6 per cent in
crease.
Purpose
Since the north central region of the United States ac
counts for approximately 75 per cent of all feed grain pro
duction, and a large percentage of soybean and wheat produc
tion, the above trends are going to have pronounced effects
on the marketing of grain from the North Central Marketing
Area (NCMA). The purpose of this study is to make an analy
sis of the domestic and foreign movements of heavy grain^^.
This provides a basis for evaluating the impact of various
existing policies and future programs on different regions
and sections of the nation's heavy grain economy and
marketing channels. For example, intelligent policy action
concerning heavy grain legislation reguires knowledge of dis
trict, regional and national effects upon the functional and
personal distribution of income of various types of livestock
iHeavy grain: feed grains, wheat, and soybeans.
and grain producers. Conversely, with a change in heavy
grain policy, the intelligent adjustment of individual
producers depends upon the ability to predict effects of a
specific program on district and regional prices as well as
other variables.
Since grain is a storable commodity with a low value-to-
weight ratio, transportation costs are a significant compo
nent of its value whenever grain moves over a route.
Therefore, the determining of routing patterns and quantities
to be shipped over a route are done by using optimization
technigues; in particular a special form of linear program
ming, the transhipment model. Assumptions are used which re
flect present policy, other assumptions are specified which
reflect possible future changes in policies regarding the
marketing channel of heavy grains. The effects of a reduc
tion in rail rates for heavy grains from the midwest to other
parts of the country, or a reduction in barge rates on the
inland waterways exemplify possible changes for the future.
In order to evaluate these types of changes a number of dif
ferent transhipment models are developed using various sets
of assumptions.
Method of Analysis
The method of analysis is first to develop a number of
transhipment models which optimally distribute heavy grains.
The second is to empirically verify these models to determine
which ones simulate actual grain shipments.
The purpose of the first method of analysis is to devel
op a set of models which distribute heavy grains from North
Central Marketing surplus production regions to United States
and foreign deficit regions while minimizing the total cost
of transportation. A transhipment model is used to determine
minimum cost routing. The construction of the model requires
designation of the following:
1. Region size for each origin (surplus areas).
2. Intermediate points (ports).
3. Region size for each destination (deficit areas).
U, shipping and receiving points in each region.
The data requirements for the model include:
1. Surplus quantity of grain available at each origin.
2. Deficit quantity of grain required at each destina
tion .
3. Total per ton transportation cost between origins,
intermediate points, and destinations.
The total per ton costs of transportation between United
States origins and foreign destinations are developed in two
segments. The first segment includes the transportation
costs over land or domestic routes, and the second is the
costs of ocean shipping.
Once the surplus regions, deficit regions, and ports for
the model have been established, there are many variations
which result from using different data or making alternative
assumptions.
There are six models considered in this study; two for
feed grains, two for wheat, two for soybeans. For each model
there are four objective functions which represent different
possible combinations of transportation costs on land, and a
maximum of six transportation cost combinations on the ocean.
The purpose of the second method of analysis,
verification, is to determine if the normative transhipment
model can also be used as a positive model. By normative is
meant the flow of grains which ought to take place, and the
term positive is used in economics to describe analysis which
explains phenomena as they exist, rather than to explain what
they ought to be.
A method is needed to indicate if the transhipment model
as used here can in effect be a positive tool of analysis.
Certain statistical techniques like regression, correlation,
coefficient of determination, and hypothesis testing are con
sidered. The data requirements include the actual flows of




The objectives are as follows:
1. Construction of a transhipment model with routing
patterns for heavy grains from United States surplus
regions to United States deficit regions and ports,
and from ports to foreign deficit regions.
2. Estimation of the surplus and deficit quantities of
grain for United States and foreign regions.
3. Estimation of the cost of transporting grain from
surplus regions to United States deficit regions and
ports, and from ports to foreign deficit regions.
U. The determination of different optimal routing pat
terns using various assumptions.
5. Generation of the spatial price surface implied by
the grain price differentials.
6. A sensitivity analysis between solutions which are
based on changes in assumptions.
7. Derivation of the opportunity costs of shipping over
unused routes under different assumptions.
8. Verification of the model solutions of grain flows by
comparing them with 1966 and 1967 marine shipments.
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Previous Research
This research is a continuation of work done by Davis
(8) and Cayemberg (3). They worked on the Phase I project
for the North Central Regional Marketing Committee (NCH-U2);
Impact of Changing International Trade in Grain in the
Marketing of O.s. Grain. Davis* contribution was the devel
opment of shipping cost on the ocean for U.S. grain exports.
Cayemberg did an analysis of freight rates and ocean shipping
of D.S. grain exports.
This thesis centers around the development of Phase II
for the NCM-42 committee where domestic and ocean shipments
are integrated for a model that is international in scope.
Another difference between Phase I and II is that three types
of commodities are included whereas before only the distribu
tion of feed grains was considered.
12
DEVELOPMENT OF THE TRANSHIPMENT MODEL
Background
The transhipment model is a special case of the general
linear programming model for which computational procedures
have been developed that take advantage of the structure of
the model. The transportation model, a special case of the
linear programming model, was developed by Hitchcock (15).
The origins where goods are produced could only ship to des-
tinations where goods are consumed. He did not allow any
shipments to intermediate points which would subsequently
ship to final destinations. Hitchcock's paper sketched out
the partial theory of a technique foreshadowing the simplex
method; it did not exploit special properties of the
transportation problem except in finding starting solutions
(7). In 1947, T. C. Koopmans added to the development of the
transportation model with his research on the potentialities
of linear programs for the study of economic problems. His
paper, "Optimum Utilization of the Transportation System"
(17), based on his wartime experience, along with Hitchcock's
formulation were the foundations for the classical case
referred to as the Hitchcock-Koopmans Transportation Problem.
A generalized transportation model in which transhipment
through intermediate points is permitted was proposed by A.
13
Orden in 1956 (21) ,
By using the transhipment model the possibility exists
for a lower optimum value of the objective function than if a
transportation model is used. The inclusion of intermediate
shipping points between origins and destinations creates more
possible routes (activities). A feasible solution to the
transportation model will be feasible for the transhipment
model, but the solution to a transhipment model may be more
optimal since it has more activities to choose from when op
timizing, Orden's formulation included a material-balance
eguation for every city such that:
Quantity Shipped In Produced = Quantity Shipped Out + Consumed
This material-balance equation is the basis for the descrip
tion of the transhipment model.
Description of the Various Models
There are six different transhipment models developed in
this thesis; two for feed grains, two for wheat, and two for
soybeans. A tree diagram showing the general routing pat
terns for feed grains is given in Figure 1, The flow from
top to bottom indicates the shipments from surplus regions to
deficit regions where the foreign deficit regions are












Figure 1: Peed grain model
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parenthesis are the number of regions and ports specified for
a particular model.
In terms of the material-balance equation the production
regions produce, consume, and ship out grain but do not re
ceive any grain. The domestic utilization regions ship grain
in, produce, and consume, but they do not ship any out. The
ports ship grain in and out but neither produce nor consume.
The foreign utilization regions receive grain from the ports
and consume it. Since their demand is equated to United
States' exports they are not considered as producers or
exporters.
A tree diagram is also given for the soybean and wheat
models in Figures 2 and 3 with the same interpretation as be
fore.
Assumptions of the model
The transhipment model is a linear programming model
with more restrictive assumptions than the general class of
problems solved with the simplex method. The assumptions
necessary for the application of the transhipment model are
(13) :
1. The product shipped is homogeneous. That is, the
supply of grain at any region or origin serves
equally well to satisfy the demands at any destina




















Figure 3: Soybean model
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2- The supply of grain available at the various origins
and the demands at the various origins and the
demands at the various destinations are known, and
total demand is equal to total supply. If neces
sary, demand and supply can be equated by including
a dummy origin or destination in the model which are
similar to disposal activities in the simplex
method.
3. Transhipment through intermediate points, ports of
export, is permitted. The amount shipped in minus
the amount shipped out for each point is equal to
zero.
4. The per ton cost of transporting the grain from
origins to destinations is known and is independent
of the number of units to be transported.
5. There is an objective to be maximized or minimized.
The objective in this model is to minimize total
cost of transportation.
6. Transportation from origins to destinations can
occur only at non-negative levels. That is, the ac
tivities of the model have to be either positive or
zero.
7. An entire region may be represented by a point in
that region- There are no additional costs in
collecting surplus supplies at a point of origin, or
19
distributing supplies from a point representing a
deficit region.
Mathematical formulation of the model
The primal problem requires given cost coefficients and
given right hand side values to determine activity levels.
These parameters and variables, with their corresponding
indices, are described as follows:
i = 1, 2, •••, I index of domestic surplus crop re
porting districts in the North Central Marketing area,
and any surplus regions outside it (origins).
j = 1, 2, J index of domestic deficit crop re
porting districts in the North Central Marketing area,
and any domestic deficit regions outside it (destina
tions) .
k = 2, .../ K index of ports of export
(transhipment points) .
t = ^, 2, ...# F index of foreign deficit regions
(destinations) .
m = 1, 2, •••, M index of mode of transportation (size
of ship and flag combinations) allowed on the ocean.
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b known surplus quantity in domestic region i
i
b known deficit quantity in domestic region j
j
b known imports from Onited states to foreign
f
region f.
c known cost/ton of shipping from region i to
ij
region j.
c known cost/ton of shipping from region i to port
ik
k.
c known cost/ton of marine shipping from port k to
kf m
foreign region f by mode m.
X quantity shipped from region i to region j (to be
ij
determined)•
X quantity shipped from region i to port k (to be
ik
determined).
X quantity shipped from port k to foreign region f.
kf HI
by mode in (to be determined) .
The objective function of the primal is as follows:
Minimize
1 C - 2- X +2^C X * ^ Z. Kc X
i j ij ij i k ik ik k f m kfm kfm
where C is total transportation cost. The first term on the
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right of the equality is the total cost of shipping from
domestic surplus regions to domestic deficit regions. The
second term is the total cost of shipping from domestic
surplus regions to ports. The last term is the total cost of
shipping from ports to foreign deficit regions.
The objective function is subject to the following con
straints ;
2 + £x = b i = 1, 2, I.
j ij k ik i
The sum of the quantities shipped from the ith origin to
the various j destinations and k ports of export, is equal to
the surplus quantity available at the ith origin.
3 £x =b j = 1, 2,
i ij j
The sum of the quantities shipped from the various i
origins to the j^ destination is equal to the deficit
quantity required at the j^ destination.
4 £x - 21 ^x =0 k = 1, 2, K.
i ik f m kfm
The sum of the quantities shipped from various i origins
to the kth port of export minus the sum of the quantities
shipped from the kth port of export to the various f foreign
destinations by various modes m is equal to zero.
5 ^ Lx = b f = 1, 2, .. ., F.
k Bi kfm f
The sum of the quantities shipped from the various k
ports of export by various modes m to the fth foreign desti-
22
nation,
6 All the X , X , and x are non-negative,
ij ik kfm
One row constraint from equation 4 is excluded to avoid
problems of degeneracy. In particular, the excluded con
straint is for the port of Chicago. Chicago becomes the base
point for the price levels imputed to the various regions in
the dual where all prices are relative to the base point
Chicago.
The levels of b , b , and b are set so that:
i j f
7 lb - £b - lb = 0
i i j j f f
i.e., total shipments out of the surplus regions equal total
shipments into thedeficit regions. This condition allows the
use of equalities instead of inequalities in the constraints,
thereby eliminating the need for dummy activities and also
easing the computational burden.
Statement of Data Needs
The transhipment model is concerned with the minimum
cost routing of known supplies in surplus markets to deficit
markets or regions within the market area. The construction
of a model requires designation of the following:
1. Region size at the origin (surplus areas).
2. Intermediate points (ports).
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3. Region size at the destination (deficit areas).
4. Shipping and receiving points in each region.
The data requirements for the model include:
1, Surplus quantity of grain available at each origin,
2, Deficit quantity of grain required at each destina
tion.
3, Total per ton transportation cost between each
origin and destination.
There is not any definite method for determining region
size or basing points within a region. The main criterion is
that the regions selected provide a meaningfal basis for
analysis of the specific problem under study. Choosing a
base point requires consideration of 1) location relative to
production or consumption concentrations within the region,
2) rail, highway, and ocean vessel transportation facilities,
and 3) a point through which shipments occur or might occur
without overestimating or underestimating the total shipment
costs to the many actual shipment points within the region
(2a).
Data for a transhipment model is one of the most diffi
cult requirements to meet. Production and consumption esti
mates or actual figures are necessary for the product under
investigation. Bringing in additional or intermediate
marketing steps into the analysis increases the data
collection problem. Estimates of the quantities available
24
and quantities demanded at each location must be made if
actual data is unavailable.
An even more difficult requirement is the determination
of a transportation rate for each possible origin-destination
combination. In many cases, transportation rates are not
readily available or it is difficult to choose one from the
multitude of rates that are available. One alternative, in
order to be consistent for all rates, is that estimates have
to be made based on the distance between basing points and
the average cost per mile (8) .
Definitions and Data Requirements
Definition of domestic^ and foreign regions and ports
Dnited States regions and basing pointy The con
struction of the transhipment model requires specification of
region sizes and ports. Figure 4 shows how the North Central
Marketing area is divided into crop-reporting districts. The
number inside the circle indicates the district number, and
the point indicates the basing point within that district.
The points outside the North Central Marketing Area are rep
resentative of the basing points in other Onited States
regions. The figure is not drawn to scale and therefore does
not show the true location of these outside points which are












































































































cation and size of the regions outside the North Central
Marketing Area.
United States ports of export The United States
sector of the model has been constructed with crop-reporting
districts and regions of states which included a basing point
within each one. The ports of exports are also specified on
the criterion that they represent a certain export region of
the United States. The basing port region of export and the
headquarter ports represented in the port region are given in
Table 4,
Foreign regions and ports of import The United
States exported grains to 126 countries during 1967"» 1969, of
which 42 countries were major importers in terms of the
volume of grains under study, A port in each of these 42
countries is chosen as a shipment point. Exports to the
remaining 84 countries are added to the exports of the se
lected 42 countries on the basis of geographical location and
ocean proximity existing between the 42 shipment points and
the other 84 countries. Thus these 42 regions cover all the
exports to the 126 countries. The 42 regions are shown in
Figure 6.
In selecting the shipment points of the 42 regions, the
following criteria were used: 1) the size of the port,
2) draught, 3) facilities available, 4) and above all, the





Onited States ports of export and headquarter ports
in each port region
Headquarter ports Computer


















































Port Headquarter ports Computer
region included in the region £2^








The port of import and the countries included in each of
the 42 foreign regions are given by commodity in Appendix B,
Tables 19, 20, 21.
Domestic surpluses and deficits
The data requirements for the models are surplus quanti
ties of grain available at the origin, and deficit quantities
required at the destinations. The total production for the
United States is set equal to the sum of domestic feed utili
zation, domestic processing utilization, and exports. Which
is the following;
8 USPD = USFU + USPU + USEX
where:
USPD is total United States production.
USFU is total United States feed utilization.





























9 EX = (ZeX )/3 y = 1967, 1968, 1969.
f y ffY
10 asEx = Sex
f f
where:
USEX is the sum of the exports, based on a three year av
erage, to the f foreign regions.
The production is then allocated among the various
regions in proportion to their respective shares on the basis
of 1966 data. Domestic feed utilization and domestic proc
essing utilization are allocated to the various regions in a
similar manner. This is shown in the following equations;
11 SPD = Z! (PD - SD ) n = 1, 2, I+J
n n n
12 SFU = Z FU n = 1, 2, I+J.
n n
13 SPU = Z1 PU n = 1, 2, X+J.
n n
where:
SPD is the sum of production.
PD is the production in the n^ region.
n
SD is the seed utilization in the nth region.
n
SFU is the sum of feed utilization.
FU is the feed utilization of the nth region.
n
SPU is the sum of processing utilization.
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PU is the processing utilization in the n^ region.
n
m HPD = asPD/SPD
15 RFO = DSFU/SFO
16 FPU = OSPD/SPD
where:
RPD is the adjustment ratio for production,
RFU is the adjustment ratio for feed utilization.
RPD is the adjustment ratio for processing utilization.
17 P = RPD(PD - SD ) n = 1, 2, ..., I+J.
n n n
18 F = PFO(FU ) n = 1, 2, I+J.
n n
19 R = Epu(pa ) n = 1, 2, I+J.
n n
where:
P is the production allocated to the various n regions,
n
F is the feed utilization allocated to the various n
n
regions.
R is the processing utilization allocated to the vari-
n
ous n regions.
This procedure assures equality between total production
and total utilization plus exports. Equation 17, through the
adjustment ratio RPD, allows production in each region to be
just enough to meet the export level in equation 10. If the
exports are assumed to be at different levels, then produc
tion levels in the domestic regions change through the change
33
in the adjustment ratio RPD to meet these different export
levels.
The net surplus or deficit amount for a region is calcu
lated by subtracting feed utilization and processing (proc
essing and seed) utilization from production. That is:
20 BAL = P -F -R n = 1, 2,
n n n n
where:
BAL is the balance, surplus or deficit, in the nth region,
n
The total balance equals the total exports and when
exports change so does the balance; in this analysis only
through changes in production. The surplus and deficit quan
tities for feed grains in the crop-reporting districts or
regions of states are given in Appendix A, Table 16. The
table gives the city basing point, the crop reporting dis
trict number, the computer code for the solution tables, and
the surplus or deficit levels of grain in the United States.
Tables 17 and 18, Appendix A, give similar information for
soybeans and wheat, respectively.
Foreign deficit requirements
The deficit quantities of grain required by the fo-reign
sector are the amounts exported from the United States to 126
countries during 1967-1969. The 126 countries are represent
ed by 42 regions which cover all the exports to the 126
countries. Appendix B, Tables 19, 20, and 21 give the basing
3a
point, the countries included in the region, the computer
code, and the deficit quantities of feedgrains, wheat, and
soybeans, respectively. The quantities are based on the
1967-1969 average. The sum of the exports given in these
tables comprise the term OSEX in equations 8 and 10.
Development of Transportation Costs
The total per ton transportation cost between an origin
and a destination is developed in two segments. The first
segment is the cost of shipping from United States origins to
United States deficit region and ports of export. The second
segment is the cost of shipping from the ports of export to
the foreign destinations.
Domestic transportation cogts
The costs of shipping over land from surplus to deficit
regions and ports are developed to allow four alternatives,
1, Actual rates for shipments outside the North Central
Region. Calculated rates based upon rate functions
for shipments within the North Central Pegion.
2, Calculated rates based upon rate functions with
combined truck-barge rate superimposed for shipments
to New Orleans,
3. Same as 2. except the scheduled barge rate of the
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truck-barge rate is cut in half.
Same as 1. except $4/ton rent-a-train rates are
superimposed on Champaign, Illinois to New Orleans;
and Newtonr Kansas to Galveston.
The calculated rates are based on a rate function which
uses latitude and longitude as data.* This function was used
to calculate rates between origins and destinations in the
North Central Region. A truck rate based upon rectangular
distance is used for distances up to 233 miles in the feed
grain model, while the wheat and soybean models allow a truck
rate for distances up to 400 miles to avoid an infeasible so
lution. A rail rate based on air distance is used for longer
distances. The air distance estimation procedure employs
spherical trigonometry to take into account the curvature of
the earth- The rate functions used are as follows:
21 sail: C = 2,0 0.012 » Da
22 Truck: C = 0-8 + 0.018 * Dr
where, C = rate in dollars per ton
Da = air distance
Dr = rectangular distance
The truck rate function is used in combination with
iHeifner, Richard G., Washington, D-C., United States
Department of Agriculture, Description of Phase I model for
NCM-42 project. Private communication. 1970.
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barge rates to compute truck-barge rates to New Orleans using
selected barge ports on the Mississippi and its tributaries.
The barge rate is calculated from each origin to each
barge port by adding:
1. the computed trucking cost from the origin to the
barge port,
2. the elevating charge, assumed to be $1.00 per ton,
3. and the scheduled barge rate.
Then the lowest cost truck-barge routing is selected.
The truck-barge cost estimating mechanism is also used
for calculating truck-rent-a-train rates from Champaign,
Illinois to Philadelphia and New Orleans, and from Newton,
Kansas to Galveston.
Transportation costs to foreign regions
The second segment of the cost derivation is the
shipping on the ocean from United States ports of export to
the 42 foreign destination ports.* Ocean freight rates for
grains are extremely variable because of the short run
relationship between the supply of shipping and the demand
for such shipping. The difficulty of obtaining actual rates.
*The derivation of ocean shipping costs in mainly from
Davis (8) and Cayemberg (3) with additions by Medappa
Chottepanda and the author, both in the Economics Depart
ment, Iowa State University, Ames, Iowa. 1970.
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along with the variablilty of the rates, led to the use of
marine cost functions to estimate ocean shipping costs.
There are three main factors that go into the derivation of
the marine cost functions. These three factors are;
1. ocean distances and speed of the vessel
2. port days
3. canal days
Ocean distances Ocean distances are derived using
the nautical mile (6080 feet) as the unit of measure for the
distances between each of the 9 United States ports and each
of the 42 foreign ports. The shortest navigational distances
between the United States and foreign ports are considered.
The Suez Canal is assumed to be closed, hence ships bound for
Eastern Africa and Western Asia have to sail via the Cape of
Good Hope, The distances between United States ports and all
foreign ports, except Luanda, are computed based on published
references. The distance between the United States ports and
Luanda are approximated. The speed of the vessel is assumed
to be 1U knots.
Port days The number of days a ship spends in port
has a large effect of the total cost of a voyage. The number
of days spent in port is sum of three parts: 1) loading
days, 2) discharge days, 3) idle days- The number of port
days is primarily a function of the port facilities avail
able, particularly the number of cranes and their capacity to
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load and discharge cargos. The dock facilities and the
amount of ocean traffic account for the number of idle days
the vessels are kept waiting to unload cargo. There is no
standard number of days that a particular type of bulk grain
Table 5, Average number of days for loading a certain
size of ship^
3 l^OO^DWT ^30.000 DWt""'_10j.OOO_ DWTf
Duluth 5 x3 X
Chicago 5 x x
Toledo 5 X X
Philadelphia 5 7 x
Charleston 5 7 x
New Orleans 5 7 x
Galveston U 7 x
Los Angeles 7 10 15
Seattle 5 7 10
* M. LeRoy Davis thesis (8) •
2 DWT is deadweight ton.
3 The X indicates that the harbor is too shallow to
accommodate that size of ship.
vessel spends in a particular port. However, the number of
port days with respect to the 9 United States ports and the
42 foreign ports indicates some consistency in the loading,
discharge, and idle days required for the various sizes of
ship. The number of port days for United States ports are
given in Table 5.
The 42 foreign ports are classified into four groups,
each representing those ports which have consistency in port
accommodation as well as observed data relating to port days
39
The list of groups and ports are given as follows:
Group A; All ports of Asia and Africa except Japan,
South Africa, and United Arab Republic.
Group B; Japan, Italy, Poland, South Africa, Israel,
East Germany, United Arab Republic, Portugal,
Spain, and South America,
Group C: The rest of Europe except the ports in group
D.
Group D: Netherlands, Belgium, and West Germany.
The idle days are constant for the three sizes of ship under
study. The actual days spent in discharge of 30,000 DWT*
ships at all the ports capable of handling this size is
assumed to be 1 1/2 times the number of discharge days for a
15,000 DHT ship. The actual days taken to discharge a 80,000
DWT ship in the ports capable of handling this size is
assumed to be 1 1/4 times the discharge days for a 30,000 DWT
ship. Table 6 gives the number of discharge days and idle
days for the U2 foreign ports.
Canal days Ships sailing through the Saint Lavrence
Seavay or the Panama Canal are assumed to have delays that
add to the voyage time. Thus the marine costs are increased.

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































to any foreign port via either one of these canals will re
quire one extra voyage day.
Marine cost functions After specifying the ocean
distances, port days, and canal days a marine cost function
is used which was developed by H. LeRoy Davis (8). There are
six different marine cost functions, three for United States
flag ships based on the size of ship, and three for the for
eign flag ships depending on the size of ship. They are as
follows:
23 Total cost per ton;* 15,000 DMT U.S. flag ship
= 0.889 (days in port) + 0.937(at-sea days) + 0.055
24 Total cost per ton; 15,000 DWT foreign flag ship
= 0.317 (days in port) + 0.351 (at-sea days) + 0.055
25 Total cost per ton; 30,000 DWT tJ.S. flag ship
= 0.528(days in port) + 0.563 (at-sea days) + 0.035
26 Total cost per ton; 30,000 DHT foreign flag ship
= 0.194 (days in port) + 0.216(at-sea days) + 0.035
27 Total cost per ton; 80,000 DHT U.S. flag ship
= 0.349 (at-sea days) + 0.028
iln dollars per short ton (2000 pounds).
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28 Total cost per ton; 80,000 DWT foreign flag ship
= 0.127 (days in port) + 0.135(at-sea days) + 0.28
vhere:
at-sea days = ocean distance/(speed ♦ 24) ♦ canal days
where:
One day is assumed to be 24 hours. Distance is measured
in nautical miles. Speed is 14 nautical miles per hour.
These marine cost functions assume the following:
1. A 15,000 DWT ship utilized 90 per cent cargo space
outbound, while 3 ,000 and 80,000 DWT ships utilize
95 per cent of cargo space outbound.
2. There is 60 per cent of a normal full load on the
return trip.
3. There is an unlimited supply of ships available at
ports where they are needed.
4. Only those ports that have harbors deep enough can
accommodate the larger sizes of ship. See Table 6.
There are two marine transport alternatives for each
commodity considered. It is possible, in one alternative, to
ship the commodity by all three sizes of ships. In the other
case it is only possible to ship the commodity by a 15,000
DWT ship. A diagram of the models by coninodity, the marine
transport alternatives, and the various objective functions
are given in Figure 7. There are 24 solutions when all
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The first alternative allows a total of six possible
cost per ton rates for each ocean route, that is, three sizes
of ship with two different types of flag for each size. This
leads to the possiblity of six modes for each route on the
ocean as represented by m in equations 4 and 5 of the mathe
matical model. In the models that allow the six modes for
each route, some of them are not used because a certain size
of ship can not be accommodated in United States or foreign
harbor, A particular harbor may not be deep enough to allow
a larger ship to enter it so this possible mode-route is not
allowed to exist. Other harbors may be deep enough to
accommodate the largest size of ship so all six mode-routes
are allowed.
The second marine transport alternative allows only one
size of ship, thus two possible cost per ton rates for each
ocean route.
The corresponding interior rate options are also given.
When the combinations with the marine transport alternatives
are considered there are eight possible objective functions
for each commodity.
Routes
The criterion for choosing to include a route (variable
in the model) is as follows: 1) distance, 2) cost/ton, 3)
and if an actual route does exist. The computer codes given
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in Appendix A, Tables 16, 17, 18, are used in constructing
the variable names for the domestic routes. If a region is a
surplus area, its computer code forms the first half of a
variable name, say A deficit region's computer code
forms the second half, say The result being MC5HC3.
An example of a route not chosen is OH4PFO- In this case the
distance is too far which results in a high cost per ton so
it is not considered as a feasible route.
Shipping on the ocean is made up of routes from United
States ports to foreign regions. They are constructed in a
similar manner as before. The computer code for the United
States ports of export. Table 4, forms the first part of a
variable name, say DUO.... The computer code for the foreign
regions. Appendix B, Tables 19, 20, and 21, forms the second
part, say ...UKO.... The mode, size of ship and flag combi
nation, forms the last part, say .,.1. The mode is a number
from 1 to 6 and corresponds to the cost functions given by
equations 23 - 28. A resultant mode-route is, for example,
DU0UK01. The total number of routes possible is 378 (9 ports
* 42 regions), and for each route there are 6 possible modes
making possible a maximum of 2268 (378 routes * 6 modes)
mode-routes. However, not all mode-route combinations are
allowed over some routes because of harbor depth limitations
for the larger sizes of ships. Other routes may have harbors
that are deep enough to allow the largest size of ship so all
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six mode-routes were allowed.
The variable names representing routes are given in Ap
pendices C, and D, along with the solutions to the models and
the opportunity costs, respectively. Appendix c gives the
variables in the solutions and Appendix D gives the variables
that are not in the solutions. These tables list all possi




A spatial equilibrium model is typically used for
normative purposes. In some cases this can be misleading and
result in policy recommendations that are difficult to
achieve. The use of a model for positive purposes requires
that it be validated using various verification procedures.
The problem of "what is" a valid model is a difficult one to
answer. There are four basic positions on verification with
multistage verification being the most applicable. Incorpo
rated in this later procedure are the historical verification
and forecasting ability of a model. Appropriate statistical
techniques are available which increase the model builders'
information, but ultimately the user must decide whether or
not it is a valid model.
A Methodological Issue
The normative framework
In general terms, a spatial equilibrium problem is one
of maximizing the sum of consumer plus producer surpluses in
spatially separated markets, less transfer costs.
Implicitly, then, the problem has normative implications as
sociated with the solution in that it gives what ought to
exist for efficient allocation of resources.
^9
Lefeber (18) is more direct in stating the problem in a
normative framework:
The setting of the entire analysis is a purely com
petitive one in the sense that no individual firm or
owner of resources can affect the market in which he is
dealing.•• the reason for assuming a perfectly competi
tive system is to provide a theory of optimal spatial
allocation of factors and distribution of final goods.
If such a theory can be developed, the extent and sig
nificance of monopolistic deviation can be appraised,
and planning for corrective measures becomes possible.
Thus, Lefeber^s motive for deriving a theory of spatial
competition is to provide a norm against which the efficiency
of actual markets can be judged. He specifically mentions
monopoly, but to be complete one should specify other possi
ble aberrations from perfect competition such as ignorance,
irrationality, etc.
Measuring the efficiency of spatially separated markets
is a challenging problem. However, the direction that much
of the empirical research being done with spatial equilibrium
models, of which the transhipment model is a subset, needs to
be questioned. First, research extended in the direction of
measuring efficiency of separated markets is scientifically
unsatisfying because it gives up the only objective measure
of the soundness of a model - namely, how well it predicts.
Second, the normative direction that much of the empirical
research in spatial equilibrium has taken has led away from
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research that is needed to answer important questions. Con
cerning policy implications; the conscious or unconscious use
of a normative spatial equilibrium model for positive pur
poses resulting in specific policy recommendations can lead
away from more efficiency in spatially separated markets.
Henderson's study of the coal industry
In order to elaborate on these points Henderson's (13)
study of the coal industry is cited.
Henderson's approach begins to come clear in the follow
ing quotes (14, pp. 3-4);
Aside from their somewhat dubious value as approxi
mations of actual situations, the results of perfect
competition serve as implicit, if not explicit, welfare
norms for many economists.
No industry conforms exactly to all of the condi
tions and results of perfect competion and the question
to be answered in the analysis of particular industy is
not if it satisfies these conditions and results but
rather how closely it satisfies them.
The objective of the empirical study undertaken by
Henderson is succinctly stated (14, p. 6).
The present monograph is primarily devoted to a
study of the deviations of the actual results of the
bituminous coal industry from perfectly competitive
norms.
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The major assumptions that Henderson proposes are
outlined as follows:
1. The United States is divided into fourteen districts
<14, p. 43) .
2. Because of two methods of mining, the model contains
twenty-two deposits and fourteen consumption loca
tions (14, p. 43) .
3. Regional demands are assumed completely inelastic
and given by consumption data (14, p. 44).
4. Regional capacities for producing coal are calcula
ted by extrapolating average output for active days
to 280 days (14, p. 45).
5. Dnit extraction costs were estimated for each year
of the study and were assumed independent of the
level of output (14, p. 48) .
6. Unit transport costs (assumed independent of volume)
are estimated and added to extraction cost so that a
figure is obtained that represents unit costs of
deliveries from all production to consumption loca
tions (14, p. 49) .
7. A transport cost model is solved for 1947, 1949, and
1951 using the basic data as described (14, p. 54).
Henderson dismisses the idea of "testing" the results of
his model by stating (14, p. 54):
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If one fits a regression equation to a series of
historical data in order to predict the value of some
variable, one usually tests its appropriateness by de
termining how well it 'predicts' the past values of the
variable. A similar testing procedure cannot be
utilized for the present model since its solutions do
not 'predict' the actual values of the delivery levels.
The solutions of the model give the values of the deliv
ery levels which would have prevailed if total costs
were tninimized.
The comparison of the results of the models with real
world data might lead one to conclude that the nonconformity
of the model with the data shows the degree of "wrongness" of
the real world, or conversely, the degree of "rightness" of
the model.
Two measures of efficiency are derived. Using one of
the measures, the output efficiency index, Henderson reaches
the conclusions that for the years 1947, 1949, and 1951, the
bituminous coal industry was 88.2, 79.1, and 81.9 per cent
efficient (14, p. 84) .
Difficulties with the normative approach
The nonconformity of the real world is a measurement
subject to error. This error can be caused by two main
factors, 1) error in measurement of real world data, and
2) error in the model structure. The first factor is not
considered in this study. The second factor, error in the
model structure is very important. It is a factor that
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depends at least on three types of uncertainty*
1. The estimation of the coefficients may be estimates
obtained from engineering cost studies or from sta
tistical data and therefore subject to error. If
they are known with certainty at one point in time
they may change or be different for another point in
time.
2. The multiplicative structure of a coefficient times
a variable in the objective function and the con
straints. At what levels of a variables value do
economies of scale occur.
3. The aggregation or disaggregation of the system
being abstracted, ftre there enough activities (var
iables) included in the objective function and con
straints to adequately explain the system being
analyzed. Similarly are there enough constraints in
the model.
Hypothetically, more or less constraints could be in
cluded in a spatial equilibrium model until the solution ex
actly equals its real world counterpart. The correspondence
of a solution with reality is only a necessary condition for
simulation. The sufficient condition is that changes in the
real world are exactly reflected by changes in the model. In
other words the sensitivity of the model is such that it re
flects real world changes exactly.
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The crux of the objection to Henderson's study lies in
the assumptions, as it does in any spatial equilibrium prob
lem. Another researcher, by realistically assuming
extraction and transfer costs as functions of volume or per
haps allowing for some elasticity of regional demand or per
haps accounting for competing products, etc., might have con
cluded that the bituminous coal industry was 92.6 efficient
in 1951. hypothetically, our cheapest means of economic
growth may be to respecify and reestimate economic models to
reach ever higher levels of market efficiency.
These objections point out that in an area of research
confounded by multiple, interdependent hypotheses, satisfac
tory criteria for judging the "reasonableness" of a model are
lacking. The normative approach discards from the outset the
single objective criterion by which good models can be sepa
rated from bad models - the criterion of prediction.
The important question of policy implications derived
from the Henderson study and other similar studies is also
subject to a certain amount of doubt. If the efficiency in
terpretations, 88.2, 79.1, and 81.9 per cent efficiency of
the bituminous coal industry for 1947, 1949, and 1951, are
taken literally, then a central control board, using
Henderson's model, could make the coal industry 100 percent
efficient. This would have resulted in a savings of about
$250 million in 1951 (14, p. 86). However, Henderson himself
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rejects this (14/ pp. 102-103):
Nationalization would provide a single control, but
it has not provided a solution for the problems of coal
in the United Kingdom, and it is unlikely that it would
provide a solution for the United States... The defects
of pricing and allocation as performed in the free
market are not necessarily solved by the abolishment of
free pricing and allocation. Pricing in the United
Kingdom has proven a formidable problem; pricing in the
United States would be even more difficult.
The expression of doubt that efficient pricing could be
achieved in the United States coal industry through
nationalization indicates that the models heretofore consid
ered as normative cannot really be trusted as norms. This
suggests a subjective test for normative models. Is one
willing to substitute the "what ought to be" for the "what
is"? Henderson appears to be unwilling to do so. Thus the
conscious or unconscious use of normative models for positive
purposes resulting in policy recommendations can be a
misleading tool.
The Problem of Verification
Many important questions occur that require the ability
to understand and quantify interrelationships among
geographically separated units of the economy. The typical
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spatial equilibrium model "predicts"* a number of variables
such as interregional flows, regional prices, production,
etc., depending upon the ambitiousness of the particular
study. The answer to these questions can be obtained with
the use of spatial equilibrium models which have been
verified with reality. The main problem of this type of
analysis is how to go about "verifying" a model. One reason
for avoiding the subject of verification is that the problem
of verifying a model remains today perhaps the most elusive
of sll the unresolved problems associated with computer simu
lation techniques. It is in reality no different from the
question of verification when applied to any type of hypothe
sis or CDOdel, whether it is expressed as a verbal model, a
physical model, a mathematical equation, or a computer pro
gram.
To verify or validate any kind of model means to prove
the model to be true. But to prove that a model is "true"
implies 1) that a set of criteria have been established for
differentiating between those models which are "true" and
those which are not "true", and 2) that these criteria can
be readily applied to any given model. let the concept of
*The term predicts as used in the text can be consid
ered synonymous with estimates, but different from
forecasting which is predicting the future.
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"truth" has successfully eluded philosophers and theologians
since the history of mankind. To decide upon a particular
set of criteria that must be satisfied before there can be
"truth" suggests that one must choose a subset of rules, call
them truth rules, from an almost infinite set of rules handed
down by philosophers, theologians, and metaphysicians. When
verification is placed in this perspective, the problem is
completely overwhelming because it may be argued that man is
incapable of recognizing "truth" at all, even if "truth"
exists.
However, there is the possibility that persons can agree
on a concept of verification for a certain limited class of
statements and the possibility of indirect verification of
other statements (20, pp. 310-319).
Positions of Economic Verification
There are four major methodological positions concerning
the problem of verification in economics. They are 1) syn
thetic apriorism, 2) ultraempiricism, 3) positive econom
ics, and 4) multistage verification; which are as follows;
Synthetic apriorism This position asserts that eco
nomic theory is merely a system of logical deductions from a
series of synthetic premises of unquestionable truth (2, p.
612) .
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Ultraempiricism This is at the opposite end of the
methodological spectrum and is the complete opposite to syn
thetic apriorism. Ultraempiricism refuses to admit any pos
tulates or assumptions in economics that cannot be indepen
dently verified. This extreme form of logical positivism
asks that one begins with facts, not assumptions (2, pp.
612-613).
Positive economics This asserts that the validity of
an economic model depends not on the validity of the assump
tions on which the model rests but rather on the ability of
the model to predict the behavior of the endogenous variables
that are treated by the model. However this position is
assailable on the grounds that the empirical testing of the
predictions is the sole criterion of validity. This implies
that it makes no difference as to what extent the assumptions
of the model may falsify reality (2, pp. 612-613).
Multistage verification This position incorporates
the methodology of synthetic apriority, ultraempiricism, and
positive economics. It is essentially an eclectic approach
to the problem of verification requiring that each of the
aforementioned methodological positions is a necessary condi
tion for validating simulation experiments but that neither
of them is a sufficient condition for solving the problem of
verification.
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The first stage of this procedure requires the
formulation of a set of postulates of hypothesis describing
the behavior of the system of interest.
The second stage of the procedure calls for an attempt
to "verify" the postulates on which the model is based,
subject to the limitations of existing statistical tests such
as the t-test, F-test, ehi-square test, distribution-free
tests, etc. Whether a postulate is verified completely or
not is difficult to answer, but the "best" possible statisti
cal tests available can be applied to these postulates.
The third stage of this verification procedure consists
of testing the model's ability to predict the behavior of the
system under study. However, the accuracy of the prediction
is not the sole criterion for validation as in the positive
economics approach. This procedure attaches equal weight to
the validity of the assumptions of the model and the predic
tive capabilites of the model.
Methods of Verification
There are two alternative approaches available to test
the degree to which data generated by simulation models
conform to reality. They are 1) historical verification,
and 2) verification by forecasting.
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Historical verification
Several approaches to historical verification have been
suggested by operations researchers and economists. Clarkson
(U), referring to his experiences with simulating investment
portfolio selection procedures has suggested a general method









e case of ... simulation models, the model as
n be subjected to statistical tests by
he time series [activity levels] generated by
against the actual time series [activity
the variables [routes] under consideration,
y a measure of "goodness of fit" can be ob-
the model as a whole can be confirmed on its
predict the time series [activity levels].
As Clarkson suggests, a measure is needed which gives
the "goodness of fit" when attempting to fit data generated
by computer simulation experiments to real world data. Cohen
and Cyert (5) have outlined the nature of this problem and
have suggested a general procedure for solving it (5, pp-
112-127) .
The likelihood of a process model incorrectly de
scribing the world is high, because it makes some strong
assertions about the nature of the world. There are
various degrees by which any model can fail to describe
the world, however, so it is meaningful to say that some
models are more adequate descriptions of reality than
others. Some criteria must be devised to indicate when
the time paths [activity levels] generated by a process
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model agree sufficiently with the observed time paths
[activity levels] so that the agreement cannot be attri
buted to mere coincidence. Tests must be devised for
the "goodness of fit" of process models with the real
world. The problem of model validation becomes even
more difficult if available data about the "actual" be*-
havior of the world is itself subject to error.
Although the final details have not yet been ade
quately developed, there appear to be ... possible ways
in which the validation problem for process models can
be approached.... [Specifically]... simple regressions
of the generated series [activity levels] as functions
of the actual series [activity levels] can be computed,
and then we can test whether the resulting regression
equations have intercepts which are not significantly
different from zero and slopes which are not signifi
cantly different from unity.
Thus, the historical verification of computer simulation
models can be based on statistical techniques that give a
measure of the "goodness of fit" of generated model output
with real world or actual data. But the question arises,
when is the "goodness of fit" between model output and actual
data sufficient enough so that the model is an adequate or
"most" adequate description of reality? The level of
sufficiency of "goodness of fit" would have to be decided
upon by the model builder and would be, among other things, a




The ultimate test of a computer simulation model is the
degree of accuracy with which the model predicts the behavior
of the actual system, being simulated, in the future. The
possibility that computer simulation models may be able to
predict the future is the major justification for the use of
computer simulation as a tool of analysis. However, not all
computer simulation models are capable of yielding accurate
forecasts about the future. In fact the number of computer
simulation studies that claim even a modicum of success are
meager (20, p. 318). The reason for this can be seen in the
comparison of traditional econometric model2 and computer
simulation models.
The traditional econometric model is typically a
one-period-change model. Any lagged values of the
endogenous variables are, in effect, treated as exogenous
variables. They are assumed to be predetermined by outside
forces rather than by earlier applications of the model mech
anism, The output of econometric models are the values of
the endogenous variables for a given time period. To deter
mine the values of the endogenous variables for the next time
period requires that new values be assigned to the lagged
endogenous variables. For this reason, most econometric
models are regarded as describing the changes which take
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place in the world from one period to another.
The mechanisms of a computer simulation model, together
with the observed time paths of the exogenous variables, de
scribes a closed dynamic system. Closed in the sense that
the values of the lagged endogenous variables are the values
previously generated by the system. Thus, computer simula
tion models may be forced to operate with errors in the
values of the endogenous variables made in the previous
periods. There is not, in this case, any correction at the
end of each period to assure correct initial conditions for
the next period as in econometric models (5, p. 112-127).
The use of a computer simulation model, or any type of a
model, for predicting future behavior requires consideration
of three basic forms of forecasts (11).
Unconditional forecasts The unconditional forecast
seeks to predict what will happen to the endogenous variables
in some future period, and is the most hazardous forecast to
make. If it is to be accurate, then the functional relations
must remain valid in the period of extrapolation, and the
predetermined variables in the model must have been predicted
accurately.
Conditional forecasts The conditional forecast is
assumed valid only if the condition that predetermined vari
ables take on certain stipulated values- otherwise it is the
same as unconditional forecasts. Many plausible combinations
6a
of predetermined variables can be run through the model re
sulting in set of conditional forecasts. This set of
forecasts can provide an indication of the range that the
endogenous variables may take on, and also of their
sensitivity to fluctuations in the predetermined variables.
In this case the predetermined variables may have been previ
ously forecasted.
Target or plan The model may be used to determine a
plan or target for future operations. Desired levels of the
endogenous variables are selected on the basis of external
conditions. The problem then is one of determining a set of
feasible combinations of the predetermined variables which
will give the desired result. In other words, a plan or
target is set in terms of the endogenous variables, and fea
sible combinations of the other variables are sought which
will result in the plan. This type of forecast is an
inversion of the other two forms.
Statistical Techniques for Verification
The purpose of using some statistical technique for
verifying a model is to establish criteria by which the model
can be judged valid. The criteria chosen depends upon the
model builder and the purpose for which he wants to use it.
If the model builder has difficulty in establishing these
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criteria the statistical techniques are still useful to him.
They will give him a certain amount of information regardless
of whether or not the model is judged valid. At that point
revisions could be made hopefully in a direction which would
make the model more adequate. This process of applying sta
tistical techniques to gain information and making subsequent
revisions could continue until the model achieves a certain
degree of adequacy or validation desired by the user. In the
process criteria may be established by which the model is
judged valid.
Recall that the transhipment models developed in chapter
two have twenty-four different optimal solutions depending on
the set of assumptions used. The activity levels of shipping
from the ports to the foreign destinations are compared with
their corresponding actual shipments over the ocean for the
years 1966 and 1967. The purpose for doing this is twofold.
First, it determines if a typically normative transhipment
model can be used as a positive model. Secondly, it is used
to verify the model and establish how well it abstracts
reality.
There is a wide range of statistical techniques avail
able for comparing model generated solutions with actual data
for the purposes of gaining information and verification.
Some of these techniques are 1) regression, 2) correlation,
3) coefficient of determination, 4) hypothesis testing, 5)
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Theil's inequality coefficient (22), 6) Chi-Square, and 7)
Kolmogorov-Smirnov. The first four techniques are applied to
the models developed in chapter two; which are as follows:
Simple linear regression The simple linear
regression equation is:
29 Y = a + bX + u
where the dependent vector Y is the actual shipments of grain
over ocean routes. Each element of the Y vector represents
the quantity of grain that flows over a particular route.
The independent vector X is a subset of the solution of a
transhipment model. The subset is the activity levels which
represent flows of grain over ocean routes. Each element of
the X vector represents the quantity of grain that flows over
a particular route. The 0 vector is the error term.
Estimates for a and b are determined using the method of
least squares. Ideally, if a transhipment model solution is
exactly equal to the actual shipments, then intercept "a"
equals zero and slope "b" equals one, and the model describes
grain flows as they actually occurred. Plotting X and Y, and
comparing with a forty-five degree line gives an indication
of how close the model comes to the actual data.
Correlation The correlation coefficient B is given
by the following equation:
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30 H= Z (X "XI (Y - ?)
/ Z (X- X) z Z(Y - T) 2
which explains the degree of linear relationship between two
variables. Its range is from minus one to plus one, where a
plus one indicates a perfect linear relationship and a minus
one indicates a perfect inverse relationship of the two vari
ables. However, the correlation coefficient does not indi
cate any cause and effect relationship.
Coefficient of determination The coefficient of de
termination is explained as follows:
31 rz = 2I(Y - Y) 2
2I(y - 7)2
= variation in Y exialained by regression
total variation in Y
or, it is the proportion of the total variation in Y ex
plained by fitting the regression. The range of r-sguared is
also from zero to plus one. A value of plus one indicates
that the total variation in Y is explained by the regression,
while a zero indicates that none of the variation is ex
plained by the regression.
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Hypothesis testing A test of the hypothesis
Ho: a=0,b=1 is
I (a-0, b-1) / n Z?





(1 - tZ) 5I(Y - Y)2/ (n - 2)
which follows an F distribution with 2 and n''2 degrees of
freedom. This test is used on those comparisons which have
values for , R, and b relatively close to one.
In summary, there is a difference in the use of a
spatial equilibrium model for positive versus normative pur**
poses. The latter is the most frequently used. The method
of using a norm, established by a model, to judge the real
world and recommend policy alternatives can be misleading.
In particular, the assumptions that go into a normative model
may not account for all the important factors underlying
reality. Or, it may be impossible to carry out the recommen
dations. Another criterion for judging a model is its pre
dictive power, that is, can the model be used for positive
purposes. The development of spatial equilibrium models that
are capable of either being accepted or rejected by empirical
evidence require that adequate verification procedures be
made available and subsequently applied. The multistage
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verification position seems to be the most appropriate means
for constructing and testing a model's validity. Incorporat
ed in this procedure are historical verification of the model
and the acid test, its forecasting ability. Statistical
techniques are available which give the model builder more
information so he can judge the level of validity of a model,
but in the final analysis the user must decide whether to




There is a considerable amount of results from deriving
24 different solutions with approximately 100 to 150 activity
levels associated with each solution. Correspondingly, there
are approximately 1500 to 2000 activity levels, non-basic
variables, that have an opportunity cost term for each solu
tion, For each optimal solution to a primal problem there is
an optimal solution for a dual, called "shadow prices".
Again, there are from 100 to 150 shadow prices to go with
each of the 24 solutions. The presentation of all of this
massive amount of output is unnecessary. In order to limit
its size a subset of the 24 solutions has been chosen. Solu
tions numbered 1, 2, and 3 of Model I, see Figure 7, and so
lutions 17, 18, and 19 of Model V, are presented along with
their associated opportunity costs and shadow prices. The
particular solutions are presented because of their differ
ence in assumptions about interior freight rates. A common
occurrence is the similarity of the first and fourth solution
in each set. There is very little difference in these two
solutions, if any. As will be shown later on in the empiri
cal verification section, the six solutions presented con
trast with respect to their goodness of fit; but all of them
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fit better under the marine transport assumption allowing all
sizes of ships.
These are the six optimal solutions presented, three for
feed grains and three for soybeans. Each solution is dis
cussed with reference to three maps, one for movements to
domestic deficit regions, one for movements to ports of
export, and one for the implied price surface. Two solu
tions, number 3, Model I for feed grains, and number 19,
Model V for soybeans, have maps which represent movements to
foreign deficit regions.
Each of the six solutions has a table that gives the
optimal quantities of grain that move both to domestic and
foreign destinations. Another table gives the opportunity
costs for not shipping any grain over nonoptimal routes. It
should be noted that in each solution there are alternative
optimal activity levels which can generally be recognized by
a zero opportunity cost. The total transportation cost,
value of the objective function, is given for each solution.
The optimal solutions to the different models is only a
part of the results. The other part is the empirical
verification results. All twenty-four model solutions are
compared with their real world data counterpart for the years
1966 and 1967, Actually, a subset of the activity levels
that make up an optimum solution is analyzed. The movement
of grain on the ocean is the subset considered. It is almost
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impossible to obtain detailed enough data on the domestic
ffioveonent of grain for a comparison in the domestic sector of
the models. The comparison of ocean movements of grain for
each year is done using statistical methods where the results
are regression coefficient estimates, subject to an F-test,
and coefficients of determination. None of the alternative
optimal activity levels are considered in the statistical
analysis because of expense.
Definitions
An optimal solution is fairly easy to understand, the
opportunity costs and implied price surface are more diffi
cult, so a separate economic interpretation of their meaning
is appropriate.
Optimal solution
An optimal solution gives a set of values for the vari
ables so that they meet the requirements of the constraints
and also are the set of values that optimize the objective
function. The transhipment model determines a set of values
such that the surplus supplies at different origins meet the
deficit demands at different destinations. Shipment through
intermediate points is allowed where both supply and demand
are zero. The objective function requires that the total
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transportation cost be a miniraum subject to the constraints.
Opportunity costs
The opportunity cost of not shipping over a particular
route is interpreted as the dollar increase in the value of
the objective function for each unit that is forced to go
over that route; thus changing a previously optimal solution.
Fpr example, the route SPOLAO may not have entered an
optimal solution and thus may have an opportunity cost of
$2.25. Subsequently, if one ton of feed grain is forced to
move over that route then the value of the objective function
would increase by $2.25. Any route with an opportunity cost
of zero will leave the value of the objective function un
changed and therefore can be considered as an alternative
optimal solution vector.
Implied price surface
The solution to the dual of the transhipment model
yields shadow prices which can be interpreted by looking at a
simple example of a dual to a transportation model.
33 Maximize
z = ^ V y - Zu y
j j j i i i
34 subject to




V = value per unit at destination j.
j
u = value per unit at origin u.
i
Where u and v are unrestricted in sign-
i j
The first term of the objective function is the total value
of the commodity at destination j, and the second term is the
total value at the origin i. Thus the solutions to the dual
are the values of v and u that maximize total gain in value
of shipments subject to nonpositive profits on each shipment.
One row constraint is omitted from the transhipment
model developed in chapter two, the one for domestic
shipments to Chicago. So, Chicago has a per unit value of
zero and serves as the base for determining all other prices
relative to the price at Chicago. For example, the price at
Chicago may be $50. per ton ($1.50 per bu.), the solution to
the dual may indicate that IA5 has a per ton value of -$3.80
relative to a base price of zero at Chicago. The price that
is implied at IA5 is $U6-20 per ton ($1.38 3/5 per bu.).
This is how the solution to the dual results in an implied
price surface relative to some base.
The price that is implied at a particular region, say
IA5, may change from one solution to another. If IA5 ships
75
grain to a different destination there is usually a change in
the cost coefficient associated with the new route. Thus, by
equation 34, the values of the unknown variables v and u can
change from solution to solution. It should be noted that
these are not market prices but values, determined by the
dual, that imply certain prices for a commodity. It is en
tirely possible that the prices implied by the dual do not
reflect reality at all. Perhaps, as discussed for the primal
in chapter three, it is because the assumptions for determin
ing the cost coefficients are not realistic.
Optimal Distribution of Feed Grains
There are six optimal solutions presented, three for
feed grains and three for soybeans. Referring to Figure 7
and Tables 22, 23, 24, will help in understanding the discus
sion of the different solutions.
Solution 1
Solution number 1, Model I, is for optimal distribution
of feed grains where ocean shipping is allowed on all three
sizes of ships. With the larger sizes of ships allowed, and
thus more activities, the lower the cost per ton of shipping
a commodity and the possibility of a lower total
transportation cost. The domestic rates are based on actual
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rates for shipments to destinations outside the North Central
Marketing Area (NCMA) , and rate function for shipments within
the NCMA.
Domestic shipments The nap of domestic flows for so
lution number 1, see Figure 8, shows some consistency for
the direction of feed grain movement. That is, the Pacific
and Mountain regions are supplied by the southwestern section
of the NCMA, the Delta region is supplied by the middle
southern section, the Southeast and Appalachia regions are
supplied from the southeastern section, and the Northeast
region is supplied by the northeastern section. However,
some of the regions are supplied from origins more distant
than is the general case. The Appalachia region pulls 10.5
per cent of its feed grain from SD9, see Table 22 of Appendix
C, and Table 16 of Appendix A. The Southeast region pulls
5.8 per cent of its feed grain from MN5, and 14.5 per cent
from HN7. The Northeast region receives 22 per cent of its
feed grains from IA2, and 9.5 per cent from ia6. The
shipments inside the NCMA are all made from origins
relatively close to the deficit areas.
Shipments to ports The movement of feed grains to
the ports of export shows some consistency, see Figure 9.
The majority of the grain is exported through the Chicago



































































































































Table 7. Per cent of total feed grain exports that pass








The Duluth and Philadelphia regions are very close in
exports, and finally New Orleans and Seattle. It appears
that the ports in the Great Lakes region and the east coast
account for 67 per cent of the exports with the Galveston and
New Orleans regions accounting for 31 per cent; a little less
than half of the former regions. The odd occurrence is that
New Orleans and Seattle pull grain from relatively far
distances•
The optimal quantities of feed grain that moves over
these domestic routes and the ocean routes are given in Table
22 of Appendix C; the units are 1000 short tons. The
opportunity costs of not moving grain over another route,
non-optimal, are given in Table 28 of Appendix D.
Price surface The implied price surface for solution
number 1, Model I, see Figure 10, gives the price per short
ton in a region relative to a base price of zero at Chicago.
The conversion factor of dollars per ton to cents per bushel

























































































































































pounds. Take, for example, the shipments from IA5 to DLO or
IA5EL0; then relative to a Chicago base price which might be
S1-U0 per bushel, the value of the feed grain at IA5 is $1.28
3/5 and the value at DLO is $1.57 2/5. The difference is
$0.28 4/5 which equals the cost coefficient ($9.60 per ton)
for the IA5PL0 route. Thus, by equation 34, the constraint
of the dual is satisfied in this case, and there is a
nonpositive profit for transporting the grain from IA5 to
DLO. The interpretation of the implied price surface is
fairly general in nature. The closer a region is to a port
of export or deficit area the higher the implied price, that
is, base price minus dual solution value. The further away
from a deficit area a surplus, a region is, the lower the
price and the more that goes to transportation costs.
Observe ND9, MN4, SD2, SD3, SD6, SD9, MN7, and IA1 which are
relatively far from any deficit region.
Solution 2
Solution number 2, Model I, assumes that ocean shipping
allows all three sizes of ships. The domestic rates are
based on rate functions with calculated truck-barge rates
superimposed for shipments to New Orleans.
Domestic shipments The map of domestic flows for so
lution number 2, see Figure 11, shows that the grain for the




























































cause of this pattern is due to the use of rate functions
which has distance as the independent variable. Thus in min
imizing the cost of transportation the model solution
implicitly minimizes the distance grain must travel to meet
any deficit demands. The result is a locus of "break even"
points where grain moves in opposing direction. The break
even line for north-south shipments runs through the upper
part of Iowa, Illinois and Indiana, and the lower part of
Ohio. The east-west break even line is the Mississippi River
except for movements from northern Iowa into Wisconsin and
Michigan. Another east-west break even line goes through the
eastern part of Nebraska and the western part of Kansas.
Sensitivity The comparison of solution number 2 with
solution number Figures 8 and 11, clearly indicates that
the use of actual rates for shipment to destinations outside
the NCMA causes a few long hauls to be made whereas the use
of rate functions eliminates these longer movements. The
longer movements for number 1 may be a result of special rate
privileges. Many of the movements in solution number 2 are
similar to the movements in number 1 which indicates that the
rate functions approximate the actual rates quite well.
Shipments to ports The movements to the ports of
export for solution 2, Figure 12, shows that there are some
long distance shipments to New Orleans, a possible result













































































grain in from a number of regions. Duluth leads with 38 per
cent of the exports followed by Chicago with 27 per cent.
See Table 8. The Great Lakes ports make up 65 per cent of
total exports while the Gulf region handles the remaining 35
per cent. Galveston exports almost twice as much as New
Orleans in this solution.
Table 8. Per cent of total feed grain exports that pass
through a port region, solution number 2





Sensitivity The comparison of the movements to ports
for solutions 1 and 2, Figures 9 and 12, shows that for num
ber 2 a few more shipments are made to New Orleans possibly
because of the truck-barge rate combination allowed. Howev
er, the exports out of New Orleans only increases by 4 per
cent, taken from Chicago and Seattle. Duluth doubles the
percentage of total exports it handles, probably taken from
Philadelphia while Galveston remains the same. The main
shift in flows to ports for export is from Philadelphia to
Duluth as a result of using rate functions over actual rates.
Otherwise solutions 1 and 2 for flows to ports are similar,
indicating that the rate function approximate the actual
rates quite well.
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The optimal quantities of grain that moves over these
domestic routes and ocean routes are given in Table 23 of Ap
pendix C. The opportunity costs are given in Table 29 of Ap
pendix D.
Price surface The price surface of solution 2 com
pared to solution 1, Figures 13 and 10, indicates that prices
are lower in Nebraska, Kansas, Iowa, Missouri and Illinois,
Wisconsin prices are all lower except for one region. South
Dakota has lower prices in the middle and southern part of
the state as does Minnesota. Michigan has higher prices
except in the western regions, and Indiana has higher prices
except in the western and southern regions, Ohio has all
higher prices except for the southwest corner region.
Solution 3
Solution number 3, Model I, assumes that all three sizes
of ships are allowed on the ocean. The domestic rates are
calculated rates based on rate functions with calculated
truck-barge rates superimposed for shipments to New Orleans.
The scheduled barge rate is cut in half.
Domestic^ shipments The map of domestic movements,
see Figure 14, is very realistic with respect to the direc
tion of movement. A "break even" line where grain flows in
opposing directions indicates that deficit regions are














































































































































































function rather than actual rates. One interesting feature
is that five of the Iowa regions do not supply any domestic
deficit regions. This seems reasonable because Iowa is
centrally located in the NCMA and the deficit regions are
supplied by the surplus regions surrounding Iowa.
Sensitivity Recall from solution 1 the assumption
that actual rates are used for shipments to destinations out
side the NCMA and calculated rates otherwise. Only calcula-*
ted rates are used in solution 3. The map for solution 1
shows that there are a few long distance shipments made while
the map for solution 3 indicates that these long distance
movements are eliminated. See Figures 8 and 14. The two so
lutions are otherwise almost identical. A possible explana
tion of the difference might be that the actual rates are
special rates given by the shippers and thus the deficit
region can receive grain from a more distant surplus region.
The movements of grain that are similar in direction indi
cates that the rate functions approximate the actual rates
fairly well.
Also note that in solution 1 the Delta region is
supplied heavily from Iowa, Kansas, and Missouri while in so
lution 3 it is supplied mostly by the Southern Plains region.
This is a result of the halved barge rate and thus leaves
Iowa and Missouri free to supply New Orleans.
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The comparison of solution number 2 with number 3,
Figures 11 and 14, shows the effects of halving the scheduled
barge rate to New Orleans, In solution 2 the Delta region is
supplied heavily from lowa^ Nissourir Kansas, and Nebraska,
while in number 3 it is supplied by the Southern Plains
region with one shipment each from Nebraska and Kansas,
Also, is solution 3, five of Iowa*s regions do not ship to
any domestic deficit areas. Thus the halved barge rate in
solution 3 creates the possibility of New Orleans being
supplied heavily by Iowa and Missouri.
Shipments to ports The movement of feed grains to
ports of export, see Figure 15, indicates that it goes in two
directions, either to Duluth and Chicago or New Orleans,
Eight out of the nine regions in Iowa make up 55 per cent of
the exports that go through the New Orleans port region. The
regions IA4, IA5, IA6, IA7, and IA9, which shipped nothing to
domestic deficit regions, make up 42.5 per cent of the grain
going through New Orleans, The reason for this pattern of
movement is because the barge rate to New Orleans is cut in
half. New Orleans exports almost 50 per cent more of the
total exports than Duluth and almost 60 per cent more than
Chicago, See Table 9, It is the major port region of export
because of the halved barge rate. Combined with Galveston
the Gulf Coast region exports a little over 70 per cent of



































































Table 9. Per cent of total feed grain exports that pass
through a port region^ solution 3





Sensitivity By comparing solutions 3 with solution 1
for the movements of grain to the ports. Figures 9 and 15,
the effects of cutting the scheduled barge rate in half can
easily be seen. The comparison also shows that in some cases
the actual rates for solution 1 may be special rates because
of some longer shipments to the ports. The calculated rates
along with the halved barge rates seems to eliminates these
long hauls. One implication might be that a barge rate sig
nificantly lowered will outweigh special rates given for
shipments over land.
It can also be seen that in solution number 3 New
Orleans, which exports a large per centage of total exports,
is supplied heavily from Iowa, Missouri and Illinois.
Galveston is supplied by the Southern Plains region but
exports a very small percentage. The opposite is true for
solution 1. Galveston, supplied largely from the Southern
Plains, exports almost three times as much as New Orleans.
The result of halving the barge rate causes the Delta region
93
to be supplied heavily by the Southern Plains as opposed to
being supplied by Iowa, Kansas, and Missouri, thus freeing
these states to supply New Orleans for exports.
Comparing solution 3 with solution 2 for flows to ports.
Figures 15 and 12, indicates that even with calculated rates
used in both 2 and 3 the halving of the barge rate signifi
cantly shifts the majority of exports from the Great Lakes
region to the Gulf, Compared to solution 2 New Orleans in-'
creases its percentage of total exports by almost six times
while Duluth is cut in half and Chicago to one-third.
Galveston receives much less from the Southern Plains region
which is now supplying the Delta region very heavily causing
Galveston to decrease its exports by 22 percent- Since the
assumptions that are used for solution 2 are the same as
those used for solution 3 except for the halved barge rate to
New Orleans this can be considered the key factor which
causes the significant shift in movement of grain for export
from the northern ports to New Orleans.
Price surface The implied price surface for solution
number 3 when compared to number 1, Figures 16 and 10, indi
cates that a lower price is paid for grain in Nebraska,
Kansas, Iowa, Missouri, Wisconsin, and Illinois. The lower
half of Minnesota receives a lower price in this case too.
North Dakota prices are higher as are South Dakota prices in






































































































in two northern regions, similarly for Ohio in the southwest
corner region. Indiana has higher prices except in the south
and northwest corner.
When solution number 3 is compared with number 2,
Figures 16 and 13, the indicated price is higher in most
cases, and close in the others. North Dakota, South Dalcota,
Minnesota, Iowa, Wisconsin, Illinois, Michigan, Indiana, and
Ohio, all have a higher or the same price implied in every
region except one. Kansas and Missouri are mixed.
International shipments This solution also has maps
for the movement of feed grain from the ports of export to
the foreign deficit regions. See Figures 17, 10, 19, and 20.
The movements on the ocean are consistent with the domestic
movements. New Orleans supplies all of the South American
regions and five out of eight African regions plus Israel.
Duluth supplies one and Chicago the other two in Africa.
Duluth and New Orleans are fairly equal in shipments to
northern Europe with Duluth shipping to four of the regions
and New Orleans to five. The United Kingdom is the largest
importer of grain from Duluth followed closely by Canada. In
Europe, Italy is the largest importer from New Orleans fol
lowed by West Germany and then The Netherlands. Galveston
ships a small amount to three European regions. The
Netherlands receives the largest amount of grain from Chicago

















































































































Europe, New Orleans ships to five regions, four of them in
the Mediterranean. Eastern and western Asia receive all of
their grain from New Orleans and Galveston with Seattle as an
alternate route to Japan. New Orleans is the major supplier
with five regions as its destinations. Galveston supplies a
small amount to two regions. The Japan region receives the
largest shipment out of New Orleans taking about 38 per cent
of the grain available. The optimal quantities of feed grain
that moves over these domestic and ocean routes are given in
Table 24 of Appendix C. The opportunity costs are given in
Table 30 of Appendix D.
Total cost of transportation The total cost of
transportation for each solution is given in Table 10. Each
is the minimum value of the objective function based on the
various cost assumptions and subject to the constraints.
Solution 1 which has all sizes of ships on the ocean,
and actual freight rates for domestic shipments has the
lowest total cost. Recall that the majority of grain for
export in this solution goes through the Great Lakes ports.
Solution 2, with costs based on rate functions has the
highest cost of the three. Again the majority of the exports
go through the Great Lakes ports. This demonstrates that de
pending on the assumptions applied to a model, the value of
the objective function can vary by a significant amount. And
each set of assumptions applied to these two models seem to
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be reasonable. This is why it is difficult to judge whether
one model is more useful than another solely on this informa
tion.
The third solution, which is based on the same assump
tion as solution 2 except the barge rate to New Orleans is
cut in half, indicates a reduction in total cost when com
pared to solution 2. This reduction can be attributed to the
halved barge rate.
Table 10. Minimum total cost of transportation for feed
grains




Optimal Distribution of Soybeans
The optimum distribution of soybeans is presented for
solutions numbered 17, 18, and 19- Referring to Figure 7 and
Tables 25, 26, 27, will help in understanding the discussion
of the different soybean model solutions.
Solution 17
Solution number 17, Hodel V has the assumption that all
three sizes of ships are allowed for marine transport alter
natives. It assumes for domestic transportation that actual
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rates are used for shipments to destinations outside the
North Central Marketing Area (NCMA) while calculated rates
based on rate functions are used for shipments within the
NCMA.
Domestic shipments The map of domestic flows, see
Figure 21, shows that the two regions in Iowa are supplied
almost entirely from within Iowa except for shipments from
nearby Nebraska, 25,4 per cent, and South Dakota, 1,4 per
cent. The region in Kansas is supplied froro nearby also,
pulling some in from Nebraska. Similarly for Missouri.
Illinois seems to pull in soybeans from greater distances but
this is possible since it is using about 2 1/2 times as much
as Iowa, The other regions in Indiana and Ohio are supplied
from within the state or at least from nearby the border.
The deficit regions outside the NCMA receive grain from their
closest surplus region except for shipments form IA7 to APO
which supplies 24.6 per cent of the grain required at RPO.
Shipments to ports The shipments to the ports of
export all come from geographically close regions to the
ports, see Figure 22. The break even line runs through cen
tral Iowa, and splits going northeast through Wisconsin,
southeast through Illinois, and on across Indiana and Ohio.
New Orleans is supplied heavily from Missouri and Illinois
with some from Iowa, Ohio, Nebraska, and Kansas. New Orleans












































































































































11, This is over three times the exports going through
Duluth and twice as much as goes through the Great Lakes
ports combined.
Table 11, Percent of total soybean exports that pass
, through a port region, solution 17






The optimal guantities of soybeans that move over these
domestic routes and the ocean routes are given in Table 25 of
Appendix C- The opportunity costs are given in Table 31 of
Appendix D.
Solution 18
Solution number 18 for the soybean models assumes that
all three sizes of ships are allowed on the ocean. It also
assumes that interior rates are calculated rates based on
functions with calculated truck-barge rates superimposed
for shipments to New Orleans,
£omestic^shi£m^ts The map for domestic flows see
Figure 2H, indicates that Iowa is supplied form within the
state except for 28 per cent for IA5 supplied from Nebraska,










































































































































































from Kansas. The other deficit regions are supplied from
surplus regions that are nearby as a result of using the rate
functions.
Sensitivity Comparing solution 18 to solution 17 for
domestic movements. Figures 2U and 21, shows that four of the
longer shipments are eliminated in 18. They are the one from
Ift7 to APO, one from MOT to IL4, one from NB5 to KA8, and
from IA8 to IL2. The reason for the longer shipments in so
lution 17 may be due to special rates. In solution 18 the
rate is dependent of distance in the rate function resulting
in the reduction of long distance hauls.
Shipments to ports The map for movements to the
ports of export in solution 18, see Figure 25, indicates that
the ports are supplied by states which are very close. The
longest shipment required is over a two-state distance. The
break even line is now becoming a fairly wide band and it
follows the same pattern as in solution 17. The exports that
flow through the ports, when divided into Great Lakes and
Gulf, are becoming more even. See Table 12. New Orleans
still accounts for the largest percentage but Duluth is
coming closer. The Great Lakes ports export about 42 percent


















































































Table 12. Per cent of total soybean exports that pass
through a port region, solution 18






Sensitivity The comparison of solution 17 with solu
tion 18, Figures 22 and 25, shows that in 18 Duluth and
Chicago pull grain in from more regions, and New Orleans from
fewer regions. This is reflected in the percentage of
exports that go through the port regions. Duluth has in
creased almost 11 per cent while New Orleans has decreased a
little over 9 per cent. Otherwise the two patterns of
movement are si^milar.
The optimal quantities of soybeans that move over these
domestic routes and the ocean routes are given in Table 26 of
Appendix C. The opportunity costs are given in Table 32 of
Appendix D,
Price surface The implied price surface for solution
17 as compared to solution 18, see Figures 23 and 26, shows
that in 18 the prices are lower in Iowa, Nebraska, Kansas,
Missouri, Michigan, Illinois, and Indiana. For one region in
Iowa and four regions in Wisconsin the prices are the same as











































































































































higher prices along with the northern part of Minnesota, oth
erwise the rest of Minnesota has lower prices. All of Ohio
except the southeastern regions have lower prices, and the
southern one-third of Michigan has lower prices. Thus the
effect of using rate functions over actual rates may not have
much influence on the direction of movements, it definitely
effects the price surface by making it generally lower.
Solution 19
Solution number 19, Model V has the same assumptions as
solution 18 where rates are based on rate functions except
the scheduled barge rate is cut in half.
Domestic shipments The map for domestic flows, see
Figure 27, indicates that Iowa is supplied from within the
state except for about 27 per cent coming from Nebraska to
supply IA5. Kansas is supplied from within and from nearby
Nebraska. Illinois deficit regions receive soybeans from
within the state and from Kansas. KA9 supplies a little over
64 per cent of the grain required at IL4 and all the grain
required at IL3. The other regions in Indiana and Ohio are
supplied from within the state or at least from nearby the
border. The deficit regions outside the NCMA receive grain
from their nearest surplus region. These results are con




















































































Sensitivity The comparison of solution 19 with solu
tion 17, Figures 27 and 21, shows that the longer shipment to
the Appalachia region has been eliminated. But the shipments
from southeastern Kansas to Illinois still persists- The
shipments from Iowa and Michigan to Illinois have been
eliminated perhaps as a result of halving the barge rate to
New Orleans. These regions are available for supplying ports
of export. The comparison of solution 19 with solution 18,
Figures 27 and 24, shows that in 19, Iowa is supplying itself
more from within and that Nebraska is not supplying Minnesota
at all. Otherwise the movements are almost similar.
Shipntent to ports The flows to ports for export in
solution 19, Figure 28 shows that New Orleans receives a
large number of shipments. It also pulls grain in from long
distances. New Orleans accounts for 78.2 per cent of the
total exports which is 6 1/2 times that of Duluth with 12,6
per cent. See Table 13. Chicago handles a little over 5 per
cent followed by Galveston and Toledo. The Gulf Coast region
handles over 80 per cent of total exports while the Great
Lakes handles only about 20 per cent. The odd occurrence is
that MN6 which is very close to Duluth exports through New
Orleans.
Sensitivity The comparison of solution 19 with solu
tion 17 for the flows to ports. Figures 28 and 22, shows the
























































































Table 13. Per cent of total soybean exports that pass
through a port reaion^ solution 19






some of the grain for export away from Duluth, Chicago, and
Toledo. New Orleans increases its exports by about 14 per
cent while Duluth decreases by about 7 per cent, Chicago and
Toledo by about 3 per cent each. Galveston remains unchanged
indicating that the halved barge rate has no effect on the
flow of grain from the Southern Plains to Galveston; a result
opposite to that for feed grains. There is not as signifi
cant a shift in the direction or amount of grain that moves
to the ports for soybeans as there is for feed grains. New
Orleans is already exporting many times the amount of grain
that Duluth exports and the halving of the barge rate
magnifies this difference by about double.
The coiaparison of solution 19 with solution 18, Figures
28 and 25, is very similar to the previous comparison. New
Orleans increases its percentage of total exports by about 23
percent while Duluth decreases by about 18 percent, Chicago
by 1.5 percent and Toledo by about 3 percent. Again the
halving of the barge rate magnifies the difference between
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the Great Lakes and the Gulf for percentage of exports.
Since solution 19 is based on the same assumptions as solur-
tion 18, except for barge rates, the increase in the differ
ence can be attributed to the halving of the barge rate.
Price surface The comparison of the price surfaces
for solutions 17 and 19, Figures 23 and 29, indicates that
the price surface in 19 is higher for North Dakota, South-
Dakota, Nebraska, Kansas, Iowa, and Ohio. Minnesota has
higher prices except in the middle region and the southwest
ern region- Missouri has all higher prices except in two
southeastern regions. Wisconsin has lower prices except for
the three northern regions and the middle western region.
Illinois has lower prices except for regions 3 and 4.
Michigan has all higher prices except for region 9 and
Indiana has higher prices in the eastern two-thirds of the
state. The use of the rate functions instead of actual rates
gives a price surface for solution 19 that is generally
higher than the one for solution 17.
The comparison of solution 19 with solution 18, Figures
29 and 26, shows that in 19 all the prices for all of the
twelve NCMA states are either higher or the same, Wisconsin,
Michigan, and Indiana each have some regions with the same
price surface. The rest of the states have higher prices
completely. Since the only difference between solution 18
































































































































is cut in half then the price increases can be attributed to
that factor, A very significant fact for policy implications
related to raising the income of all soybean producers.
International shipments Solution 19 also has maps
for the movement of soybeans from the ports of export to the
foreign deficit regions. See Figures 30, 31, 32, and 33.
The movements of the ocean are consistent with the domestic
movements. New Orleans supplies all of the South American
regions and four out of eight African regions. Chicago
supplies two African regions and Toledo supplies two plus
Israel, Duluth supplies three regions of northern Europe.
Chicago and Toledo both supply the same country. The
Netherlands, Both Chicago and Duluth supply Canada, with
Canada receiving a large amount from Duluth. New Orleans
supplies eight regions of northern Europe with West Germany
being the largest importer followed by The Netherlands. In
the Mediterranean area New Orleans supplies five countries
with Spain being the largest importer followed by Italy.
Galveston also supplies part of Denmark's imports. Australia
receives all of its grain from Galveston. New Orleans
supplies the rest of eastern and western Asia with Japan re
ceiving about 32 per cent of the grain available. There are
a number of alternative optimum routes, one for Duluth,



















































































































The optimal quantities of soybeans that moves over these
domestic and ocean routes are given in Table 27 of Appendix
C. The opportunity costs appear in Table 33 of Appendix D.
Total cost of transportation The total cost of
transportation for each of the soybean models is given in
Table 14. Solution 17 has the lowest value and is based on
actual rates for domestic shipments outside the NCMA, and
allows all sizes of ships for the ocean. Solution 18 is
based on rate functions and increases the minimum total cost
significantly. Solution 19, which has a halved barge rate to
New Orleans brings the value down some. This difference in
solution 18 and 19 can be attributed to the halved barge rate
since all other assumptions are identical.
Table 14. Minimum total cost of transportation for
soybeans





The purpose of verifying the different solutions, or at
least comparing them with reality, is to gain information as
to the usefulness of the models. As the quote from Cohen and
Cyert (5) previously given in chapter three suggests, the
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likelihood of a model incorrectly describing reality is high
because it makes some strong assertions about the nature of
the world. They also suggest that there are various degrees
by which a model can fail to describe reality. Thus it is
meaningful to be able to distinguish among models, those
which give more adequate descriptions of reality than others.
Statistical techniques are used in trying to verify the
models and to establish some criteria by which they can be
judged valid. The information gained in this process will
hopefully lead to making revisions in models which will make
them more adequate.
The transhipment models developed in chapter two have
twenty-four different optimal solutions depending on the set
of assumptions used. The activity levels of shipping from
the ports to the foreign destinations are compared with their
corresponding actual shipments over the ocean for the years
1966 and 1967. The purpose of doing this is twofold. First,
it determines if a typically normative transhipment model can
be used as a positive model. Secondly, it is used to verify
the model and establish how well it abstracts reality.
The verification results for the subset of the twenty-
four solutions, that is, solutions 1, 2, and 3, of Model I
and solutions 17, 18, and 19, of Model V, are presented in
Table 15. The r® is the coefficient of determination as de
scribed in equation 31. The intercept is the "a" term as de-
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scribed in the simple linear regression given in equation 29
And the coefficient is the "b" term as given in equation 29«
Table 15. Results of applying statistical techniques to
the model solutions and actual data for the
years 1966 and 1967
Solution
number r-sauare* Coefficient^ Intercept
1» 0.0095 0,001s 0.6715
0.0616 0.1976 39.9766
2* O.OlU 0-001 0,659
0,06 3 0.197 39,983
3* 0, 525 0,007 0.340
0.296 0,400 29,346
177 0,603 0.009 0, 109
0. 493 0.553 6.102
187 0.473 0.009 0. 130
0.405 0.512 7.049
197 0.773 0.011 0,080
0.706 0.662 3.587
* Coefficient of determination, r^.
2 simple linear regression coefficient.
3 Simple linear regression intercept.
♦ Model I, feed grains,
s Model solution compared to real world data for 1966,
similarly for the first line in the rest of the table.
® Model solution compared to real world data for 1967,
similarly for the second line in the rest of the table.
^ Model V, soybeans.
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The correlation coefficient P can be obtained by taking the
square root of r^ the coefficient of determination.
One result is that the real world data and optimal solu
tions for the year 1967 have regression coefficients that are
much higher in value than for the year 1966. This may be
quite possible since the deficit requirements for the foreign
regions used in the transhipment model are based on a three
year average for the years 1967, 1968, and 1969. The
majority of actual shipments for 1966 are probably from grain
produced in 1965 which is not represented in the model. The
year 1966 is the one whose production is used as a base for
making surplus and deficit estimates for the regions.
Therefore, since 1965 data is not represented in the model,
the comparison of model solutions to actual shipments gives
poor results. However, the data for 1966 is represented in
the model and it should reflect the ocean shipments made in
1967. The regression coefficients seem to indicate a
relatively good relationship.
Another important result is that the regression coeffi
cients and coefficients of determination for the 1967 in so
lution numbers 3 and 19 are higher than for their other cor
responding solutions. Recall the assumption that in these
two solutions calculated rates are used with the barge rate
to New Orleans being cut in half. In previous sections of
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this chapter the results of this halved barge rate was dis
cussed and found to cause a significant increase in the flow
of grains to the port of New Orleans. The statistics indi
cate that this assumption also causes the appropriate models
to describe the flows of grain on the ocean more
realistically as opposed to other models. The magnitudes of
the statistics for solution 3 and 19 also indicates that, al
though they are not close to one, they fare much better than
the other models in approximating reality.
The three solutions for soybeans have higher values for
their statistics than do the ones for feed grains. A possi
ble interpretation -of this is that the marketing and distri
bution channels are more efficient for soybeans than for feed
grains. Or at least they approach perfect competion more
closely, perhaps due to geographical production patterns, and
are approximated better by an optimization type of model.
As touched on earlier the production data base is the
year 1966, and a majority of this production goes for ocean
shipments in 1967, Since the statistics for 1967 are
relatively high, this indicates some forecasting ability of
the model. That is, by putting into the model production
values for a certain year, a forecast of ocean shipments for
the subsequent year can be obtained. Any forecarst of this
kind is a conditional forecast based on the assumptions that
go into the model. But with the proper set of assumptions.
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forecasts of future ocean shipments can be made, and as the
statistics indicate they will be somewhat realistic.
It should be noted that the residuals of the regression
equation divided by their standard error needs to be ob
served. This gives some indication as to the magnitude of
the error in the regression equation. Consideration should
also be given to possible measurement error in the real world
data, the Y vector. Since the X vector, a model solution, is
"tailor made" from the transhipment model and alternative
optimal solutions exist there is a possibility for different
values in the X vector. Consideration needs to be given to




The North Central Marketing Area being a large producer
of heavy grains has an important role in the distribution of
these grains throughout the world. Similarly policy makers,
at any level of the marketing channel, have to be responsive
to the needs of these producers. Int^elli-gent policy recom
mendations and acti-on are required on the part of these
policy makers. One key area of focus is on the
transportation system and ways to improve all aspects of it.
The purpose of this study is to analyze the domestic and for
eign movements of heavy grain in the framework of a
transhipment model. Various assumptions are made reflecting
present and possible future conditions in the transportation
network. There are two models each for feed grains, wheat,
and soybeans each of which has four different assumptions as
sociated with it. These models are then compared to actual
data for shipments on the ocean for the years 1966 and 1967.
The purpose of this is to arrive at some criteria by which
one model may be judged more realistic than another. Through
this process more information can be gained as how to make a
model more adequate, and potentially a more applicable model.
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There are quite a few objectives listed in chapter one
which can be suminarized as 1) construction of various
transhipflient models, 2) solution of these models, and 3)
empirical verification of the models, A subset of the 24 so
lutions is chosen for presentation, three for feed grains and
three for soybeans.
The first solution in each set has the assumption that
transportation rates for domestic shipments -are based on
actual rates. the results indicate that most regions are
supplied fronf nearby sources, but that in a few cases there
are long distance movements which suggests special rates are
in effect. The majority of the feed grains for export goes
through the Great Lakes ports while soybeans go through the
Gulf,
The second solution in each set has the assumption that
transportation! rates, are based ^n rate functions. The effect
of this assumption is that long distance movements are
eliminated while the rest of the aovements are similar to the
ones for the previous solutions. Another facet associated
with this assumption is that the movements of grain appear to
be more realistic. The Great Lakes ports still handle the
majority of feed grain exports while soybeans are shifting
from the Gulf to the Great Lakes ports.
The third solution in each set assumes that barge rates
to New Orleans are cut in half while the rest of the assump-
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tions are the same as given for the second solution. This
has a very significant effect on the movement of grain. The
patterns of movement are again realistic and they minimize
distance traveled. The movements to the ports for export are
shifted heavily in the direction of New Orleans. The Great
Lakes ports handle only a fraction of total exports compared
to New Orleans. This significant shift can be attributed
solely to the halving of the barge rate since all other as
sumptions remained the same as previously set.
The verification results indicate that solutions 1,2,
17, and 18 do not approximate reality very well when compared
to actual ocean shipments. However, solutions 3 and 18 when
compared to actual data do relatively well. This indicates
that they are better models for approximating reality than
the others and can lead to more meaningful policy recommenda
tions.
Recommendations
This study should be expanded to include all three
commodities into one single model rather than three separate
ones. The purpose being to have different grains compete
with each other for marketing channel facilities. Since
there were no restrictions placed on transportation vehicle
or storage availability these factors should be included in
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the model.
Another area of expansion is to increase the number of
regions considered as surplus deficit areas by disaggregating
sone of the present larger regions. This could be done in
both the domestic and foreign sector.
One important improvement would be to consider using new
data from current years, and possibly making the data base
broader. Conceivably, five models could be built for each of
five years with current updating through time. Or perhaps
including a time dimension into one model.
Verification is a key in determining if a model has
practical usefulness. By the use of the solution to the
dual, the price surface implied in the domestic sector of the
model can be compared with actual prices. This provides an
other method by which an indication of the usefulness of the
model can be determined. As a result information can thus be
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APPENDIX A. SURPLUS AND DEFICIT REGIONS FOR FEED
GRAINS, WHEAT, AND SOYBEANS IN THE UNITED STATES
139








Powers, Mich. 1 HC1 47.29
Manton, Mich. 2 MC2 46.29
West Branch, Mich. 3 MC3 34.94
Mt. Pleasant, Mich. 4,5 MC4,5 100.77
Caro, Mich, 6 HC6 148.56
Allegan, Mich. 7 MC7 64.68
Charlotte, Mich. 8 MC8 409.51
Ann Arbor, Mich. 9 MC9 416.79
Defiance, Ohio 1 0H1 1084.66
Norwalk, Ohio 2 0H2 529.27
Kent, Ohio 3 0H3 15.87
Sidney, Ohio 4 0H4 661.96
Columbus, Ohio 5 0H5 835.33
Cincinnati, Ohio 7 0H7 378.54
Portsmouth, Ohio 8 0H8 83.67
McConnelsville, Ohio 6,9 0H9 43.74
Bensselaer, Ind. 1 IN1 1364.66
Rochester, Ind. 2 IN2 503.59
Fort Wayne, Ind. 3 IN3 232.33
Crawfordsville, Ind 4 IN4 961.40
Indianapolis, Ind. 5 INS 1434.83
Muncie, Ind. 6 IN6 362.26
Washington, Ind, 7 IN7 795.35
Bedford,Ind. 8 INS 178.77
North Vernon, Ind. 9 IN9 59.64
Spooner, Wis. 1 WI1 114.83
Wausau, Wis. 2 WI2 222.10
Shawano, Wis. 3 WI3 97.43
Osseo, Wis. 4 WI4 24.54
Wautoma, Wis. 5 WI5 39.77
Chilton, Wis. 6 WI6 186.43
Muscoda, Wis. 7 WI7 0.86
Madison, Wis. 8 WIS 387.57
Waukesha, Wis. 9 WI9 140.87












Dixon, 111. 1 IL1 2026.33
Piano, 111. 2 IL2 1909.68
Macomb, 111. 3 IL3 1172.27
Bloomington, 111. 4 IL4 2904.34
Paxton, 111. 5 IL5 2884.81
Girard, 111. 6 IL6 1272.46
Effingham, 111. 7 IL7 1503.21
Pickneyville, 111. 8 IL8 213.13
McLeansboro, 111. 9 IL9 407.27
Crookston, Minn. 1 MN1 162.69
Bemidji, Minn. 2,3 MN2, 3 60.59
Morris, Minn. 4 HN4 658.89
St. Cloud, Minn. 5,6 MN5,6 613.07
siayton, Minn. 7 HN7 1131.96
Mankato, Minn. 8 MN8 1628.74
Rochester, Minn. 9 HN9 549. 15
Spencer, Iowa 1 IA1 1454.08
Mason City, Iowa 2 IA2 1789.67
West Union, Iowa 3 IA3 246.71
Carroll, Iowa 4 IA4 1550.01
Marshalltown, Iowa 5 ia5 1986.01
Cedar Rapids, Iowa 6 IA6 855.41
Fed Oak, Iowa 7 IA7 896.59
Chariton, Iowa 8 IA8 308.04
Fairfield, Iowa 9 IA9 562.19
King City, Mo. 1 HOI 238.08
Bucklin, Mo. 2 M02 46.54
Monroe, Mo. 3 M03 84.41
Clinton, Mo. 4 M04 142.36
Jefferson City, Mo. 5 M05 271.70
Pacific, Mo. 6 M06 119.43
Carthage, Mo. 7 M07 380.55
West Plains, Mo. 8 HOB 315.39
Sikeston, Mo. 9 M09 139.28
LaMoure, N. Dakota 6,9 ND6,9 28.71
Isabel, S. Dakota 1 SD1 44.41








Summit, S. Dakota 3 SD3 129.74
Phillip, S. Dakota a SD4 42. 74
Madison, S. Dakota 6 SD6 238.06
Winner, S, Dakota 5,7,8 SD5,7,8 14.31
Scotland, S, Dakota 9 SD9 520.21
Alliance, Neb, 1 NB1 103. 63
Ainsworth, Neb. 2 NB2 11. 57
Norfolk, Neb, 3 NB3 806.33
N. Platte, Neb, a NB4 998,01
Loup City, Neb. 5 NB5 2930.35
David City, Neb. 6 NB6 411.32
Holdrege, Neb. 7 NB7 1038.21
Beatrice, Neb. 8 NB8 1454.36
Colby, Kans. 1 KA1 176.63
Belleville, Kans. 2 KA2 216.86
Holton, Kans. 3 KA3 872.01
Scott City, Kans. 4 KA4 360.38
Ellsworth, Kans. 5 KA5 123,10
Ottawa, Kans. 6 KA6 102.58
Dodge City, Kans. 7 KA7 868.58
Kingman, Kans. 8 KA8 396.48
Chanute, Kans. 9 KA9 38.78
Albany, N.T. Pa,, Md., and NEO 8112 .70
Northeast all states N.E.
Region thereof
Greensboro, Ky., Tenn., Va. APO 4956
00
•
N.C. W. Va., and
Appalachia N.C.
Region
Atlanta, Ga. S.C. , Ga., Fla. SEO 7786 .55
Southeast and Ala.
Region
Little Rock, Miss ., Ark., DLO 6194 .52






































Mt. Pleasant, Mich, 1,2,3,4,5 MC1,2,3, 4,5 57.72
Caro, Mich. 6 MC6 132.87
Charlotte, Mich 7,8,9 nc7,8. 9 51. 80
Defiance, Ohio 1 0H1 143. 78
Kent, Ohio 2,3 OH2,3 104. 79
Sidney, Ohio 4 0H4 166.28
Columbus, Ohio 5,6 0H5,6 135.77
Cincinnati, Ohio 7 0H7 44,78
Portsmouth, Ohio 8,9 OH8,9 5.36
Eensselaer, Ind. 1 XN1 98.53
Rochester, Ind. 2 IN2 127.18
Fort Wayne, Ind. 3 IN3 49,77
Crawfordsville, Ind, 4 IN4 130.03
Indianapolis, Ind. 5 IN5 108.37
Muncie, Ind, 6 IN6 77.89
Washington, Ind. 7 IN7 75. 84
North Vernon, Ind. 8,9 IN8,9 56.93
Spooner, wis. 1,2,3 WI1,2, 3 115. 63
Wautoffla, Wis. 4,5,6 WI4,5, 6 24. 86
Madison, Wis. 7,8 WI7,8 0.15
Waukesha, Wis. 9 WI9 0.43
Piano, 111. 1,2 111,2 252. 97
Macomb, 111. 3 IL3 95.22
Bloomington, 111. 4 IL4 109,05
Paxton, 111. 5 IL5 108,60
Girard, 111, 6 IL6 60. 67
Effingham, 111. 7 IL7 445.04
Pickneyville. 111. 8 IL8 151.38
McLeansboro, 111. 9 IL9 185.59
Crookston, Minn. 1,2,3 MN1,2, 3 338.08
Morris, Minn. 4,7 MN4,7 52.33
St. Cloud, Minn. 5 MN5 102, 16





Basing point Surplus Deficit
Cambridge, Minn. 6 MN6
Rochester, Minn. 8, 9 MN8, 9
Mason City, Iowa 1, 2, 3 IA1, 2, 3 0.26
Carroll, Iowa 4 IA4 6.01
Marshalltown, Iowa 5 IAS
Cedar Papids, Iowa 6 IA6
Fed Oak, Iowa 7 IA7 7.09
Chariton, Iowa 8 IA8
Fairfield, Iowa 9 IA9 6.57
King City, Mo. 1 M01
Bucklin, Mo. 2 M02 90.69
Monroe City, Mo. 3 M03 112.73
Clinton, Mo. 4 M04 103.75
Jefferson City, Mo. 5 M05 142.92
Pacific, Mo. 6 M06
Sikeston, Mo. 8, 9 M07, 8, 9 283.77
Stanley, N. Dak. 1 ND1 807.97
Rugby, N. Dak. 2 ND2 549.88
Park River, N. Dak. 3 ND3 766.38
Beulah, N. Dak. 4 ND4 398.01
Carrington, N. Dak. 5 ND5 374.80
Valley City, N. Dak- 6 ND6 4 10.26
Dickinson, N. Dak. 7 ND7 455.30
Bismarck, N. Dak. 8 ND8 280.32
LaMoure, N. Dak. 9 ND9 314.32
Isabel, S. Dak. 1 SD1 124.34
Ipswich, S. Dak. 2 SD2 336.16
Summit, 5. Dak. 3 SD3 126.80
Phillip, S. Dak. 4 SD4 61.73
Miller, S. Dak. 5, 6, 9 SD5, 6, 9 138.59
Hot Springs, S. Dak, 7 SD7 77.81
Winner, S. Dak. 8 SDB 172.26
Alliance, Neb. 1 NB1 797.36
N. Platte, Neb. 2, 3, 4 NB2, 3, 4 179.17
Loup City, Neb, 5 NB5 67.26
David City, Neb, 6 NB6 631.98
Holdrege, Neb. 7 NB7 384.61




































































































Table 18, Surplus and deficit regions for soybeans in the
Crop reporting





Mt. Pleasant, Mich, 3,4,5 MC3,4,5 22.48
Caro, Mich. 6 MC6 35,35
Allegan, Mich. 7 «C7 23.23
Charlotte, Mich. 8 MC8 102,54
Ann Arbor, Mich. 9 MC9 166,30
Defiance, Ohio 1 0H1 324.41
Norwalk, Ohio 2 0H2 172.43
Kent, Ohio 3,6 OH3,6 246.30
Sidney, Ohio 4 0H4 375.51
Columbus, Ohio 5 0H5 74.43
Cincinnati, Ohio 7 0H7 93.76
Portsmouth, Ohio 8,9 0H8,9 40.52
Pensselaer, Ind. 1 IN1 417,84
Rochester, Ind, 2 IN2 263.15
Fort Wayne, Ind. 3 IN3 501.12
Crawfordsville, Ind, 4 IN4 13.33
Indianopolis, Ind. 5 IN5 198.78
Muncie, Ind, 6 IN6 212,36
Washington, Ind. 7 IM7 234.09
Bedford, Ind. 8 IN8 64.62
N. Vernon,. Ind- 9 IN9 85.27
Osseo, Wis. 1,2 ,3,4,5 WI1,2,3.4.5 48,49
Chilton, Wis. 5,6 WIS,6 13.64
Madison, Wis. 7,8 WI7,8 25. 57
Waukesha, Wis. 9 WI9 26.20
Dixon, 111, 1 IL1 317.a3
Piano, 111. 2 IL2 218.70
Macomb, 111. 3 IL3 367.66
Blootnington, 111. 4 IL4 2231,72
Paxton, 111. 5 IL5 540. 10
Girard, 111, 6 IL6 486.43
Effinghain, 111. 7 IL7 747.83








Pickneyville, 111. 8 IL8 318.94
McLeansboro, 111. 9 IL9 290.25
Crookston, Kinn. 1,2, 3 MN1,2, 3 69.70
Morris, Minn. 4 MN4 179.61
St. Cloud, Minn. 5 MN5 187.19
Cambridge, Minn. 6 HN6 37.28
Slayton, Minn. 7 MN7 536.59
Mankato, Minn. 8 MN8
Kochester, Minn. 9 MN9 250.06
Spencer, Iowa 1 IA1 563.32
Mason City, Iowa 2 IA2 156.64
West Union, Iowa 3 IA3 234.16
Carroll, Iowa 4 IA4 249.42
Marshalltown, Iowa 5 las
Cedar Papids, Iowa 6 IA6
Red Oak, Iowa 7 TA7 380.82
Chariton, Iowa 8 IA8 297.53
Fairfield, Iowa 9 IA9 241 ,07
King City, Mo, 1 M01
Bucklin, Mo. 2 M02 371.76
Monroe City, Mo. 3 M03 94.61
Clinton, Mo. 4 M04 233.79
Jefferson City, Mo. 5 H05 152.29
Pacific, Mo. 6 M06 100,86
Carthage, Mo. 7 M07 73.41
Sikeston, Mo. 8,9 M08,9 37.52
Valley City, N. Dak, 3,6 ND3,6 84.55
LaMoure, N. Dak. 9 ND9 85.48
Summit, S. Dak. 1,2, 3 SD1,2, 3 26.42
Madison, s. Dak. 6 SD4,5, 6 55,67
Scotland, S. Dak. 7,8, 9 SD7,8, 9 139.56
Norfolk, Neb. 2,3 NB2, 3 233.21
N- Platte, Neb. 4 NB4 17.37
Loup City, Neb. 5 NB5 255.66
Beatrice, Neb. 6,7, 8 NB6,7, 8 103.98



















































































APPENDIX B. 1967-1969 AVERAGE OF UNITED STATES
EXPORTS OF FEED GRAINS, WHEAT, AND SOYBEANS
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Basing point Countries Coinputer Quantity
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Table 21, United States exports of soybeans to foreign
regions. 1967-69 average













































































































































































































































































































APPENDIX C. OPTIMAL SOLUTIONS FOR FEED GRAIN AND
SOYBEANS MODELS
166
:able 22 Optimal solution: model objective function 1
Coded Flow over Coded Flow over Coded Flow over
route the route route the route route the route
"SPOGVO U603. 48 MN4MN2 30. 95 KA3DL0 872. 01
HC5NE0 19, 54 MNSDUO 160. 32 KA4PF0 360. 38
MC5MC2 46. 29 MN5SE0 452. 75 KA5DL0 123. 10
RC5MC3 34. 94 HN7SE0 1131. 96 KA6DL0 102. 58
MC6NE0 148, 56 WNSDUO 1628. 74 KA7LA0 0. 0
MC7NE0 64. 68 MN9NOO 302. 51 KA7SL0 363. 26
HC8NE0 409. 51 MN9WT2 222. 10 KA7PF0 505. 32
MC9NE0 416. 79 MN9WI4 24. 54 KABDLO 254. 01
OH1NEO 1084. 66 lA1DU0 1454. 08 KA8M07 142. 47
OH2NEO 513. 40 IA2NE0 1789. 67 KA9DL0 38. 78
0H20H3 15. 87 IA3WI3 97. 43 DU0UKO2 1633. 62
OHUNEO 661. 96 IA3HI6 148. 42 DU0IR02 55. 45
OH5NE0 791. 59 IA3WI7 0. 86 DU0EG02 409. 37
0H5OH9 43. 74 IA4DL0 1550. 01 DU0SI02 25. 13
OH7SEO 378. 54 IA5CH0 1439. 07 DU0CN02 1632. 68
OH8APO 83. 67 IA5DL0 546. 94 CH0SW02 7. 83
IN1CH0 803. 86 IA6NE0 855. 41 CH0NW02 110. 53
IN1NE0 560. 80 IA7DL0 896. 59 CH0FN02 5. 30
IN2NE0 503. 59 IA8M05 271. 70 CH0DN02 9. 97
IN3NE0 232. 33 IA8H06 36. 34 CH0UK02 130. 50
IN4PH0 782. 63 IA9AP0 562. 19 CH0NH02 2809. 28
IN4IN8 178. 77 M01H07 238. 08 CH0BL02 813. 28
IN5AP0 1434. 83 M02H08 46. 54 CH0FR02 195. 80
IN6NE0 60. 21 MO3AP0 84. 41 CH0WG02 1143. 14
IN6AP0 302. 05 H04H08 142. 36 CHOP002 374. 22
IN7SE0 795. 35 MO9DL0 139. 28 CH0PG02 86. 64
IN9AP0 59. 64 ND9MN1 28. 71 CH0MR02 99. 36
WI8CH0 300. 51 SD2MN1 34. 24 CH0TD02 27. 41
WI8MC1 47. 29 SD2SD1 44. 41 CH0NG02 29. 14
WI8WI5 39. 77 SD2SD4 42. 74 CH0AG02 1. 17
HI9CH0 102. 86 SD2NB2 11. 57 TO0BL02 0. 0
HI9WI6 38. 01 SD3MN1 99. 74 PH0SI04 779. 90
IL1CH0 2026. 33 SD3MN2 30. 00 PHOIT04 1597. 54
IL2AP0 1909. 68 SD6NOO 238. 06 PH0TK04 286. 36
IL3CH0 1172. 27 SD8NB1 14. 31 PH0UA04 62. 59
IL4SE0 2904. 34 SD9AP0 520. 21 PH0IS04 566. 39
IL5PH0 2884. 81 NB3PF0 806. 33 PH0SN04 22. 18
IL6CS0 0. 0 NB4MT0 966. 40 PH0SA04 7. 48
IL6NOO 1062. 88 NB4NB1 31. 61 PH0KN04 23. 31
IL6M06 83. 09 NB5PF0 2872. 64 PH0ID04 206. 86
IL6H08 126. 49 NB5NB1 57. 71 PH0PK04 114. 83
IL7SE0 1503. 21 NB6PF0 411. 32 NO0JHO4 59. 50
IL8SE0 213. 13 NB7MT0 1038. 21 NO0TR04 59. 01
IL9SE0 407. 27 NB8DL0 1454. 36 NO0B204 9. 10
HN4DU0 513. 11 KA1MT0 176. 63 NO0UR04 38. 83


















Table 23 Optimal solution; model Ix. ob-jective
Coded Flow over Coded Flow over Coded
route the route route the route route
"SPOGVO" 4603.48 MN5DU0 613 .07 kaImto
MC5NE0 65.83 MN7DU0 1131 .96 KA2DL0
MC5MC3 34.94 MN8DU0 1628 .74 KA3DL0
HC6NE0 148.56 MN9NO0 549 .15 KA3M07
MC7NE0 64.68 IA1DU0 1454 .08 KA4MT0
MC8NE0 409.51 IA2DU0 1388 .43 KA5DL0
MC9NE0 416.79 IA2WI1 114 . 83 KA6DL0
OH1NE0 1084.66 Ifi2Hl2 222 .10 KA6M08
OH2NE0 513.40 IA2WI4 24 .54 KA7LA0
0H2OH3 15.87 IA2WI5 39 .77 KA7PF0
OH4NEO 661.96 IA3WI3 97 .43 KA8DL0
OH5PRO 0.0 IA3WI6 148 .42 KA9DL0
OH5NEO 791.59 IA3HI7 0 .86 DU0SH02
0H50H9 43. 74 IA4DL0 1550 .01 DUOOK02
OH7APO 378.54 IA5CH0 1645,.74 DUOIR02
OH8AP0 83-67 IA5DL0 340 .27 DU0NH02
IN1NE0 1364.66 IA6NOO 855,.41 DU0BL02
IN2NE0 503.59 IA7DL0 896 .59 D00WG02
IN3NE0 232.33 IA8DL0 36,.34 DU0EG02
IN4AP0 961.40 IA8M05 271 .70 DUOP002
INSAPO 1434.83 IA9NOO 562.. 19 DU0SI02
IN6NE0 362.26 MO1DL0 238 .08 DU0IS02
IN7SE0 616.58 H02M08 46..54 DU0SN02
IN7IN8 178.77 M03M08 84,.41 DU0CN02
IN9SE0 59.64 ri04M08 142,. 36 DU0AGO2
WI8NE0 293.99 HO9SE0 139,.28 CH0NH02
WI8MC1 47.29 ND9HN1 28,.71 CH0FN02
WI8MC2 46.29 SD2MN1 88..55 CH0DN02
WI9NE0 102.86 SD2SD1 44..41 CH0NH02
WI9WI6 38.01 SD3DOO 23,,36 CH0FR02
IL1CH0 1746.63 SD3MN1 45.,43 CH0PG02
IL1NE0 279.70 SD3MN2 60..95 CH0IT02
IL2CH0 1909.68 SD6DaO 238,,06 CH0TK02
IL3NO0 352.44 SD8NB1 2. 74 CH0MR02
IL3SE0 700.40 SD8NB2 11 .,57 CH0Ta02
IL3M06 119.43 SD9DU0 477. 47 CHODA02
II,4AP0 29.76 SD9SD4 42. 74 CH0NG02
IL4SE0 2874.58 NB3DL0 351. 69 TO0IT02
IL5NE0 816.33 NB3PF0 454- 64 N00jn04
IL5AP0 2068.48 NB4PF0 998. 01 NO0TR04
IL6SE0 1272.46 NB5PF0 2634. 76 NO0BZ04
IL7CS0 0.0 NB5MT0 194. 70 NO0UE04
IL7SE0 1503.21 NB5NB1 100. 89 NO0SA04
ILBSEO 213. 13 NB6MTO 411. 32 NO0KN04
IL9SB0 407.27 NB7MT0 1038. 21 NO0ID04



































































Table 24^ Optimal solutioa! model I. objective function.3
Coded Flow over Coded Flow over Coded Flow over
route the route route the route route the route
SPOGVO 219. 68 HN4MN2 19. 38 KA1MT0 176. 63
SPODLO 4383- 80 MN5DU0 613. 07 KA2MT0 216. 86
MC5NE0 65. 83 MN7DU0 1017, 13 KA3NOO 531. 58
MC5HC3 34. 94 MN7W11 114. 83 KA3H07 340. 43
MC6NE0 148. 56 MN8NOO 1628. 74 KA4MT0 360. 38
MC7NE0 64. 68 MN9NOO 549. 15 KA5MT0 123. 10
MC8NE0 409. 51 IA1DU0 1429. 54 KA6M08 102. 58
MC9NE0 416, 79 IA1WI4 24. 54 KA7LA0 0. 0
OH1NEO 1084. 66 IA2NOO 1567. 57 KA7PF0 868. 58
OH2NEO 513. 40 IA2WI2 222. 10 KA8DL0 356. 36
0H20H3 15. 87 IA31IOO 103. 72 Ka8W07 40. 12
OH4NEO 661. 96 IA3WI3 97. 43 KA9M08 38. 78
OH5PHO 0. 0 IA3WI6 45. 56 DO0UK02 1764. 12
OH5NEO 791. 59 IA4NOO 1550. 01 DU0IR02 55. 45
0H50H9 43. 74 IA5NOO 1985. 15 DU0NH02 74. 52
OH7APO 378. 54 IA5WI7 0. 86 DU0EG02 409. 37
OH8APO 83. 67 IR6NOO 855. 41 DO0CN02 1632. 68
IN1NE0 1364. 66 IA7NOO 896. 59 DU0AG02 1. 17
IN2NE0 503. 59 IA8NOO 51. 21 CH0NH02 1851. 80
IN3NE0 232. 33 IA8H05 256. 83 CH0TU02 27. 41
IN4AP0 961. 40 IA9NOO 562. 19 CH0NG02 29. 14
IN5AP0 1434. 83 HOINOO 238. 08 TO0NH02 0. 0
IN6AP0 362. 26 M02M05 14. 87 NO0PA04 12. 05
IN7SE0 616. 58 M02H08 31. 67 HO0JM04 59. 50
IN7IN8 178. 77 M03NOO 84. 41 NO0TR04 59. 01
IN9SE0 59. 64 M04M08 142. 36 NO0VZ04 9. 09
WI8NE0 254. 22 H09SEO 139. 28 NO0BZ04 9. 10
WI8MC1 47. 29 ND9MN1 28. 71 NO0US04 38. 83
WI8MC2 46. 29 SD2MN1 45. 81 NO0PD04 8. 99
HI8WI5 39. 77 SD2SD1 44. 41 NO0CL04 116. 93
WI9WI6 140. 87 SD2SD4 42. 74 NO0SW04 7. 83
IL1NO0 425. 41 SD3MN1 88. 17 NO0NH04 882. 96
IL1NE0 1600. 92 SD3HN2 41 . 57 NO0BL04 8t3. 28
IL2CH0 1909. 68 SD6DtJ0 238. 06 NO0FR04 195. 80
IL3NOO 1052. 84 SD8NB1 2. 74 NO0WG04 1143. 14
IL3H06 119. 43 SD8NB2 11. 57 NO0PO04 374. 22
IL4NO0 478. 19 SD9NOO 520. 21 NO0SI04 805. 03
IL4SE0 2426. 15 NB3NO0 691 . 65 NO0PG04 86. 64
IL5AP0 1735. 98 NB3PF0 114. 68 NO0IT04 1597. 54
IL5SE0 1148. 83 NB4PF0 998. 01 NO0TK04 286. 36
IL6SE0 1272. 46 NB5PF0 2829. 46 NO0MR04 99. 36
IL7CS0 0. 0 NB5NB1 100. 89 NO0UA04 62. 59
IL7SE0 1503. 21 NB6PF0 145, 26 NO0IS04 566. 39
IL8SE0 213. 13 NB6MT0 266. 06 NO0SN04 22. 18
IL9SE0 407. 27 NB7WT0 1038. 21 NO0SA04 7. 48




















Table 25 Optimal solution: model V, objectiye- function _
Coded Flow over Coded Flow over Coded Flow over
route the route route the route _route the route
SEOAP^ 479.12"' IA3IA6** 234.16 CHONHO2' 532.51"
DLONOO 3028.39 IA4IA5 249.42 TO0NH02 450.63
SPOGVO 172.42 IA7AP0 259.87 CS0DN04 0.0
MC50H2 22.48 Ifl7lA5 9.57 NO0MX04 14. 80
MC6NE0 35.35 IA7M01 111.38 NO0PA04 1.83
MC70H2 23.23 IA8IL2 178.86 NO0JM04 0.41
MC8NE0 100.25 IA8IA5 118.67 NO0TR04 0.05
MC80H2 2.29 IA9NO0 241.07 NO0VZ04 42.65
MC9TOO 166.30 M02NOO 4.10 KO0BZ04 0.04
OH1TO0 114.60 f102IL3 367.66 NO0UE04 0.0
0H10H2 50. 04 M03NOO 94.61 I100pa04 0.0
0H1IN3 159.77 MO4NO0 233.79 NO0CL04 0.0
CH4TOO 169.73 M05NOO 152.29 N00stf04 0. 17
0H40H3 205.78 rio6Noo 100.86 NO0NW04 145.09
0H50H2 74.39 M07IL4 73.91 NO0FN04 0.0
OH7NOO 93.76 M09NOO 37.52 NO0DN04 45.08
0H80H3 40.52 ND6DU0 84.55 NO0FR04 39.85
IN1CH0 404.51 ND9DU0 85.48 NO0WG04 950.39
IN1IN4 13. 33 SD3DOO 26.42 NOOP004 79.68
IN2IN3 263. 15 SD6DU0 55.67 NO0SI04 902.45
IN6IN3 78.20 SD9MN8 126.68 NO0PG04 8,11
IN6IN5 134.16 SD9IA5 12.88 NO0IT04 540.42
IN7AP0 234.09 NB3IA5 233.21 NO0TK04 3.62
IN8IN5 64.62 NB4LA0 0.0 NO0HR04 0.0
IN9PH0 0.0 NB4SL0 0.0 NO0UA04 0.11
IN9AP0 85.27 NB4MT0 0,0 NO0IS04 259.11
HI4DU0 48.49 NB4KA8 17.37 NO0SN04 0.0
WI6IL2 13. 64 NB5M01 98.75 NO0SA04 0.09
WI8CH0 25.57 NB5KR8 156.91 NO0KN04 0.0
WI9IL2 26. 20 NB8NOO 103.98 NO0ID04 0.23
IL1CH0 317.43 KA2KA8 0.61 NO0PK04 0.0
IL6NO0 486.43 KR3NOO 140.69 NO0VN04 455.48
IL7NOO 207.73 KA5KA8 18.22 NO0PP04 3.54
IL7IL5 540.10 KA6NOO 105.34 NO0HK04 1.92
IL8NOO 318.94 KA9IL4 2157.81 NO0JP04 2144.63
IL9NOO 290.25 KA9KA8 137.02 GV0DN04 170.73
MN1DU0 69.70 DU0UK02 154.34 GV0AU04 1.69
MN4DU0 179.61 DU0IR02 0.0
MN5DU0 187.19 DU0NH02 219.03
MN6DU0 37.28 DU0BL02 329.66
MN7DD0 536.59 DU0EG02 3.65
MN9DU0 2 50. 06 DU0TU02 0.0
IftlDDO 128.06 DU0NG02 0-0
lAiias 137.57 DU0CN02 982.42
IA1IA6 297.69 DUOAG02 0.0
ia2lA5 156.64 CH0DN02 214.84
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Table 26 Optimal solution: model V^. objective fanction
Coded Flow over Coded Flow over Coded Flow over
route the route route the route route the route
SEOAP^ a79. 12 IA2DU0'^ 156.64 CH0DNO2 200.81
DLONOO 3028,39 IA3IA6 234.16 CH0NH02 381.01
SPOGVO 172.42 IA4DU0 209.84 TO0NH02 415.06
MC5NE0 22.48 IA4IA5 39.58 CS0DN04 0.0
MC6NE0 35.35 IA7ia5 324.20 NO0PA04 1.83
MC70H2 23.23 IA7IA6 56.62 NO0JM04 0.41
MC8NE0 77.77 IA8IA5 297.53 NO0TR04 0.05
MC80H2 24.77 IA9IA6 241.07 NO0VZ04 42.65
MC9TOO 166.30 M02NOO 4.10 NO0BZ04 0.04
OH1TOO 248.76 M02IL3 367.66 NO0UR04 0.0
0H10H2 50.04 n03NOO 94.61 NO0PU04 0.0
0H1IN3 25.61 MO4NO0 233.79 NO0CL04 0.0
OH4PHO 0.0 M05NOO 152.29 NO0SW04 0.17
OH4APO 129.21 M06NOO 100.86 NO0NW04 145.09
0H40H3 246.30 MO7GV0 73.91 NO0FR04 39.85
0H50H2 74.39 MO9NO0 37.52 NO0HG04 196.16
OH7APO 93.76 ND6DU0 84.55 NO0PO04 79.68
OH8AP0 40.52 ND9DU0 85.48 NO0SI04 902.45
IN1CH0 417.84 SD3DU0 26.42 NO0PG04 8. 11
IN2IN3 263. 15 SD6DU0 55.67 NO0IT04 540.42
IN6IN3 212.36 SD9DU0 139.56 NO0TK04 3. 62
IN7AP0 220.76 NB3MN8 126.68 NO0MR04 0.0
IN7IN4 13.33 NB3IA5 106.53 NO0UA04 0.11
1N8AP0 64.62 NB4LA0 0.0 NO0IS04 259.11
IN9NOO 85.27 NB4SL0 0.0 NO0SN04 0.0
WI4DU0 48.49 NB4MT0 0.0 NO0SA04 0.09
WI6CH0 13. 64 NB4KA8 17.37 NO0KN04 0.0
WI8CH0 25.57 NB5IA5 150. 12 NO0ID04 0.23
WI9CH0 26.20 NB5M01 105.54 NO0PK04 0.0
ILICHO 98.73 NB8M01 103.98 NO0VN04 455.48
TL1IL2 218.70 KA2M01 0.61 NO0PP04 3.54
IL6NOO 263.95 KA3NOO 140.69 NO0HK04 1.92
IL6IL4 222.48 KA5KS8 18. 22 NO0JP04 2144.63
IL7IN5 198.78 KA6NOO 105.34 GV0MX04 14.80
IL7IL4 8.95 KA9IL4 2000.29 GV0FN04 0.0
IL7IL5 540.10 KA9KA8 294.54 GV0DN04 229.84
IL8NOO 318.94 DD0DK02 154.34 GV0aU04 1.69
IL9NOO 259.89 DU0IR02 0.0
IL9AP0 30.36 DU0NH02 406. 10
MN1DU0 69.70 DU0BL02 329.66
KN4DU0 179.61 DD0WG02 754.23
MN5DU0 187. 19 DU0EG02 3.65
HN6DU0 37.28 DU0TU02 0.0
MN7DU0 536.59 DU0NG02 0.0
MN9DD0 250.06 DU0CN02 982.42
IA1DU0 563.32 DU0AG02 0.0
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Table 27 Optimal solution: model V, obiective function
Coded Flow over Coded Flow over Coded Flow over
route the route route the route route the route
SBOAPO 479.12 IA1IA5 265.63 CS0DN04 0.0
DLONOO 3028.39 IA1IA6 297.69 NO0MX04 14.80
SPOGVO 172.42 IA2IA 5 156.64 NO0PA04 1.83
HC5NE0 22.48 IA3IA6 234.16 NO0JM04 0.41
HC6NE0 35.35 XA4TA5 249.42 NOOTR04 0.05
MC70H2 23.23 IA7NOO 380.82 NO0VZ04 42.65
MC8NE0 77.77 IA8NO0 297.53 NOOBZ04 0.04
MC80H2 24.77 IA9NOO 241.07 NO0DH04 0.0
HC9TOO 166.30 MO2NO0 371.76 NO0PU04 0.0
0H10H2 100.02 M03NOO 94.61 NO0CL04 0.0
0H1IN3 224.39 EiO4NO0 233.79 RO0SW04 0. 17
OHaAPO 129.21 M05NOO 152.29 NO0NW04 145.09
0H40H3 246.30 M06NOO 100.86 NO0FN04 0,0
OH5PHO 0.0 M07NOO 73.91 NO0DN04 259.92
OH5APO 49.98 MO9NO0 37.52 NO0NH04 614.93
0H50H2 24. 41 ND6DU0 84.55 NO0BL04 329.66
OH7APO 93.76 ND9DU0 85.48 NO0FR04 39.85
OH8APO 40.52 SD3DU0 26.42 NO0WG04 950.39
IN1CH0 397.57 SD6DU0 55.67 NOOP004 79.68
IN1IN4 13.33 SD9NOO 139.56 NO0SI04 902.45
IN1IL5 6. 94 NB3NO0 233.21 NO0PG04 8.11
IN2IN3 263. 15 NB4LA0 0.0 NO0IT04 540.42
IN6IN3 13.58 NB4SL0 0,0 NO0TK04 3.62
IN6IN5 198.78 NB4HT0 0.0 NO0MR04 0.0
IN7NOO 32.95 NB4KA8 17.37 NO0UA04 0. 11
IN7AP0 201. 14 NB5IA5 246.27 irooiso4 259.11
IN8AP0 64.62 NE5M01 9.39 NQ0SK04 0.0
IN9NOO 85. 27 NB8NOO 103,98 tfO0SA04 0.09
WIUNOO 48.49 KA2NOO 0.61 NO0KN04 0.0
WI6CH0 13.64 KA3NO0 140.69 NO0ID04 0.23
WI8CH0 25.57 KA5KA8 18.22 NO0PK04 0.0
WI9CH0 26.20 KA6NOO 105.34 NO0VN04 455.48
IL1IL2 218.70 KA9IL3 367.66 NO0PP04 3.54
IL1IL4 98.73 KA9IL4 1431.89 MO0HK04 1. 92
IL6IL4 486.43 KA9M01 200.74 NO0JP04 2144.63
IL7IL4 214.67 KAgKA8 294.54 GV0DN04 170.73
IL7IL5 533. 16 DU0UK02 154.34 GV0AU04 1.69
IL8NOO 318.94 DU0IH02 0.0
IL9NOO 290.25 DU0EG02 3.65
MN1DU0 69.70 DU0CN02 940.54
MNUDUO 179.61 CH0NH02 420.94
MN5DU0 187. 19 CH0NG02 0.0
MN6NOO 37.28 CH0CN02 41.88
MN7DU0 409.91 CH0AG02 0.0
MN7MN8 126.68 TO0NH02 166.30
MN9NOO 250.06 TO0TU02 0.0
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APPENDIX D. OPPORTUNITY COSTS FOR FEED GRAIN AND
SOYBEAN MODELS
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Table 28. Opportunitv Cost; model I ^ objective function
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
SPOLAO 2.25 OH IMC 2 T.94 IN1WI6 *1.77
SPOSLO 2.25 0H1MC3 1.92 IN1WI7 3.52
SPOSEO 6.26 0H10H3 0. 53 IN2PH0 0.33
SPODLO 1.45 0H10H9 1.23 IN2NO0 2.40
SPOPFO 2.25 0H1IN8 2.56 IN2CH0 1.32
SPOMTO 12. 13 OH2PHO 1.33 IN2TOO 2. 06
MC5PH0 2.73 OH2TOO 2.36 IN2MC2 1.28
MC5CH0 3.88 OH2RPO 3. 18 IN2IN8 1,45
MC5TOO 2.87 OH2SEO 3.19 IN2WI6 2.08
MC5HC1 1.83 OH2MC3 3. 17 IN3PH0 0.93
MC5WI3 2.75 0H20H9 1.82 IN3CH0 2.90
MC5WI5 3.86 OH4PHO 0.13 IN3TOO 1.40
MC5WI6 2.39 OH4CHO 3.76 IN3MC2 1.84
MC6PH0 3.53 OH4TOO 2.07 IN3MC3 1.96
MC6TOO 3.06 OH4APO 0.50 IN30H3 0.82
MC6MC2 2.59 OH4SE0 0.51 IN30H9 1.35
MC6MC3 1.15 OH4DLO 2.54 IN3IN8 1.98
MC60H3 2.04 0H40H3 0.37 IN4NOO 0.80
HC7PH0 2. 33 0H40H9 0.51 IN4CH0 2.20
MC7CH0 3. 06 0H4IN8 1.78 IN4TOO 2.30
MC7TOO 2.31 OH5PHO 0.53 IN4NE0 0.07
MC7MC2 0.82 OH5TOO 2.59 IN4AP0 1.73
MC7MC3 1,02 OH5AP0 0.90 IN4SE0 1. 09
MC7WI3 2.37 OH5SEO 0.91 IN4DL0 2,21
MC7WI5 3.19 OH5DL0 2.66 IN4M06 1.43
MC7WI6 1.81 0H50H3 1.06 IN5PH0 0,42
MC8PH0 2.73 OH5IN8 2.65 IN5NOO 0.67
MC8CH0 3.42 OH7TO0 5.29 IN5CH0 2,63
MC8TOO 2.75 OH7NEO 2.85 IN5TOO 2.45
HC8MC2 1. 16 OH7APO 0.0 IN5NE0 0,29
MC8MC3 1.37 OH7DLO 1.75 IN5SE0 0.0
MC80H3 1.35 0H70H3 3.49 IN5DL0 1.87
MC8WI5 4.08 0H70H9 3. 15 IN50H9 1.21
MC8WI6 2.66 OH7IN8 4.30 IN5IN8 0.03
WC9PH0 1. 93 OH8PHO 0.73 IN6PH0 0.73
MC9CH0 4.64 OH8TOO 2.88 IN6NOO 3.78
MC9TO0 1. 40 OH8NE0 0.40 IN6CH0 2.99
MC9MC2 2.19 OH8SEO 0.01 IN6TO0 2.54
HC9MC3 2.28 OH8DL0 1 .76 IN6SE0 0.01
MC90H3 1. 16 0H80H3 0.51 IN6DL0 1.76
MC90H9 2.33 0H80H9 0.14 IN60H3 0,93
OH1PHO 1.13 OH8IN8 1.76 IN60H9 1.06
OH1CHO 3.51 IN1PH0 0.13 IN6IN8 1.72
OH1TOO 1.24 IN1NOO 1.08 IN7PH0 1.67
OH1APO 1.84 IN1TOO 2,70 IN7NOO 1.34
OH1SEO 1.85 IN1IN8 0.95 IN7CH0 4.60
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Table 28. (Continued)
Coded Oppor. Coded Oppor. Coded Oppor.
route Cost route Cost route Cost
IN7NE0 2. 5U IL2NE0 1.00 'lL7NE0~ 2.18
IN7AP0 1.00 IL2SE0 0.60 IL7AP0 1.00
IN7DL0 1. 18 IL2DL0 0.86 IL7DL0 1.29
IN7IN8 0.24 IL2WI3 2. 40 IL7IN8 2.45
IN7M06 2.65 IL2tfl5 2.83 IL7M05 3.18
IN9PH0 1.23 IL2WI6 2. 10 IL7M06 2. 56
IN9NOO IL2WI7 3.24 IL8NOO 2.48
IN9NE0 2.50 IL3PH0 3.03 IL8CH0 6.90
IN9SE0 0.01 IL3NOO 1.02 IL8NE0 3.90
IN9DL0 1.94 IL3NE0 0.90 IL8AP0 2.71
IN9IN8 1.16 IL3AP0 0.57 IL8DL0 2.74
IN9H06 1.81 IL3SE0 0.57 IL8IN8 3.29
WI8NOO 1.59 IL3DL0 0.90 IL8H05 3.66
WI8NE0 4.77 IL3WI7 3.65 IL8M06 2.27
WI8MC2 0.27 IL3M05 1.72 ILSMOS 1.85
WI8WI1 3.29 IL3M06 0.73 IL9NOO 2.66
WI8WI2 0.57 IL4PH0 3.96 IL9CH0 9,42
WI8WI3 0.49 IL4 NOO 0.81 IL9NE0 4.02
KI8WI4 1.23 IL4CH0 1.73 IL9AP0 2.21
WI8WI6 0.19 IL4NE0 1. 33 IL9DL0 2.50
WI8WI7 0.20 IL4AP0 0.0 IL9IN8 3.72
WI9NOO 2.74 IL4DL0 0. 68 IL9M05 4,73
WI9NE0 5.26 IL4IN8 1 .48 IL9M06 3,85
WI9MC1 1.14 IL4WI7 3.54 TL9M08 2.85
WI9MC2 0.95 IL4M05 2.18 MN4PH0 4,26
WI9riC3 1.68 IL4H06 1.06 MN4NOO 0, 17
WI9HI2 2. 13 IL5NOO 0.25 MN4GV0 1, 50
Wr9Wl3 1. 17 IL5CH0 0.93 MN4LA0 2.03
WI9HI4 3. 17 IL5NE0 0. 17 HN4SL0 2.03
SfI9Wl5 1.88 IL5AP0 0.93 MN4NE0 7.23
HI9WI7 3.23 IL5SE0 0.93 MN4MN1 0.75
IL1PH0 2.63 IL5DL0 1.19 MN5PH0 4.96
IL1NOO 0.81 IL5IN8 0.64 MN5NOO 0,28
IL1NE0 0.90 IL5WI7 3.35 MN5GV0 1.61
IL1APO 0.42 IL5M06 0.95 f1N5LA0 4.03
IL1SE0 0.42 IL6PH0 3,05 C1N5SL0 4,03
IL1DL0 0.78 IL6CH0 1.72 HN5NE0 7.93
IL1WI2 2.40 II6NE0 1.02 HN5AP0 0,0
IL1WI3 1.82 IL6APO 0.32 MN5WI1 1,64
3.04 IL6SE0 0.32 F1N5WI2 0. 44
IL1WI5 2.43 IL6DL0 0. 33 MN5WI4 0,47
IL1WI6 1.38 IL6IN8 1.16 MN5MN1 2,76
IL1WI7 2.69 IL6M05 1.03 MN5MN2 2.45
IL2PH0 0,83 IL7CS0 1 .49 MN7PH0 5.78
IL2NOO 0.79 IL7NO0 1. 26 HN7NO0 2. 49
IL2CH0 1.50 IL7CH0 4.68 MN7GY0 3.82
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Table 28, iContinuedl
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
MN7LA0 3.15 IA2DU0 0. 67 IA7NOO "2.64
MN7SL0 3. 15 IA2CH0 1.20 IA7GV0 3.97
HN7DU0 0.42 IA2AP0 2.50 IA7CH0 4.90
MN7NE0 8.55 IA2SE0 2. 50 IA7AP0 1.34
MN7AP0 1.00 TA2DL0 2.10 IA7SE0 ' 1.85
MN7WI1 1.54 IA2WI1 2,26 IA7M05 1.65
HN7WI4 0.50 IA2WI2 0.65 IA8CS0 0.85
MN7NE2 2.19 IA2WI4 0.55 IA8NOO 0.95
HN8PH0 4.96 IA2WI5 1.31 IA8GV0 2.28
MN8NOO 0.45 IA2WI7 1.67 IA8CH0 1.37
WN8GV0 1.78 IA3NOO 0.75 IA8AP0 0.74
MN8LA0 4.03 IA3GV0 2.08 IA8SE0 0.74
MN8SL0 4. 03 IA3CH0 0.83 IA8DL0 1.57
MN8NE0 7.73 IA3AP0 0.13 IA8WI7 1.85
P1N8AP0 1.30 IA3SE0 0.13 IA9NOO 0.50
HN8SE0 1.30 IA3DL0 2.93 IA9GV0 1.83
HN8HI1 1. 51 IA3WI1 2.11 IA9CH0 1.90
nN8Wl2 0.43 IA3WI2 0.01 IA9SE0 0.0
MN8Wm 0.28 Ift3WI4 0.21 XA9DL0 1.10
MN8WI7 1.39 IA3WI5 0.43 IA9WI7 2.51
MN9PH0 5.64 IA4PH0 4.53 IA9M05 1.12
MN9CS0 0.15 IA4NOO 1. 38 IA9H06 0.68
MN9GV0 1,33 IA4DU0 2.27 M01NOO 1.08
MN9LA0 6.61 IA4CH0 1.40 HOIGVO 2.41
MN9SL0 6.61 IA4NE0 1.00 MO1CH0 5.61
MN9DU0 0. 38 IA4AP0 1.97 MO1NE0 9.71
MN9NE0 8.41 IA4SE0 2.08 M01APO 0.50
«N9AP0 0.04 IA5NOO 0.38 MO1SE0 0.50
MN9SE0 0.04 IA5GV0 0.45 MO1DL0 0.07
MN9WI1 1.79 IA5AP0 0.77 M01H05 0.0
MN9HI3 0.24 IA5SE0 0.77 M01W06 0.31
MN9WI5 0.86 IA5HI4 0,43 MO2NO0 1.93
HN9WI6 0.50 IA5WI7 0.36 MO2GV0 3.26
MN9ffl7 0.91 IA6PH0 2.53 MO2CH0 5.85
IA1NOO 2.57 IA6NOO 0.80 MO2NE0 9.15
IA1GV0 3.90 IA6GV0 2.13 MO2AP0 1.69
IA1CH0 0.83 IA6DU0 3. 27 flO2SE0 1. 36
IA1NE0 0. 03 IA6CH0 0.60 MO2DL0 1.47
lAlAPO 1.42 IA6APO 0.24 M02W05 0.47
IA1SE0 1. 53 IA6SE0 0.24 M02M06 0.56
IA1DL0 1.83 IA6DL0 3. 10 M02H07 1.18
IA1HI4 0.39 IA6WI2 1.26 MO3CS0 0.70
IA2PH0 3.93 IA6WI4 1.45 H03NOO 0.80
IA2CS0 2.24 IA6WI5 1 .43 MO3GV0 2.13
IA2NOO 1.18 IA6HI6 0.91 MO3CH0 5.72















M03sio~ 0, 01 SD3SE0 1.28 NB4SE0 5.63
MO3DL0 0.81 SD3SD1 1.06 NB4PF0 1.02
K03M05 0.41 SD6PH0 6.71 NB4SD4 4.09
M03H06 0.49 SD6GV0 1.33 NB4NB2 2.87
M03M08 0.10 SD6LA0 1.68 NB5PH0 9.83
MO4N00 3. 04 SD6SL0 1.68 NB5NO0 4.78
Moacvo 4.37 SD6DU0 0.65 NB5GV0 4.85
MO4NE0 8.92 SD6NE0 9.38 NB5LA0 3.80
HOUAPO 2.35 SD6AP0 0.83 NB5SL0 3.80
HO4SE0 2.47 SD6SE0 0.83 NB5CH0 7.90
M04DLO 0.35 SD6SD1 1.47 NB5NE0 11.50
Moanos 1.12 SD6SD4 1.24 NB5AP0 3.41
M04M06 1.57 SD6NB2 0.08 NB5SE0 3.41
M04M07 0.80 SD8SD1 3.09 NB5MT0 0. 18
MO9CS0 1.95 SD8SD4 2.87 NB5NB2 1.70
M09NOO 2. 05 SD8NB2 0.41 NB6PH0 7.63
MO9GV0 3.38 SD9PH0 7.35 NB6NOO 1.48
MO9AP0 1.92 SD9NO0 1.06 NB6GV0 2.81
MO9SE0 2.71 SD9GV0 2.39 NB6LA0 3.80
M09IN8 4.05 SD9LA0 1.72 NB6SL0 3.80
M09M05 4.20 SD9SL0 1.72 NB6CH0 5.70
M09M06 3.74 SD9DU0 1.39 NB6NE0 9.30
M09M08 1.82 SD9NE0 10.02 NB6AP0 0.45
ND9NE0 11.28 SD9SE0 0.0 NB6SE0 0.45
ND9AP0 4.83 SD9SD4 1.07 NB6rtT0 0. 18
ND9SE0 4.83 SD9NB2 0.18 NB6NB2 2.10
ND9MN2 0.49 NB3PH0 8.63 NB7PH0 11.25
WD9SD1 1. 05 NB3NO0 2.72 NB7HOO 4.95
ND9SD4 1.67 NB3GV0 4.05 NB7GV0 6.28
SD2PH0 6.65 NB3LA0 3.80 NB7LA0 4.82
SD2NOO 6.90 NB3SL0 3.80 NB7SL0 4.82
SD2GV0 6. 97 NB3CH0 6.70 NB7CH0 9.32
SD2LA0 1.22 NB3NE0 10.30 NB7NE0 12. 92
SD2SL0 1.22 NB3AP0 1 .85 NB7AP0 4.83
SD2DU0 2.39 NB3SE0 1.85 NB7SE0 4.83
SD2NE0 11. 22 NB3DL0 0.10 NB7DL0 0.62
SD2AP0 2.77 NB3MT0 0.18 NB7PF0 1.02
SD2SE0 2.77 NB3NB2 1 .70 NB7NB1 1.07
SD3PH0 5.16 NB4PH0 12.05 NB7NB2 3.21
SD3NO0 5.41 NB4NOO 6.90 NB8PH0 10.03
SD3GV0 5.48 NB4GV0 6.97 NB8NOO 3.81
SD3LA0 1.53 NB4LA0 4.82 NB8GV0 5.14
SD3SL0 1.53 NB4SL0 4. 82 NB8LA0 5.80
SD3DU0 0. 10 NB4CH0 10.12 NB8SL0 5.80
SD3NE0 9.73 NB4NE0 13.72 NB8CH0 8.10
SD3AP0 1.28 NB4AP0 5.63 NB8NE0 11.70
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Table 26. (Continued)
Coded Oppor. Coded Oppor. Coded Oppor
route Qost route Cost route Cost
NB8AP0 2.77 KA5GV0 2,8*5 KA9PF0 3. 40
NBBSEO 2.77 KA5NE0 12.60 KA9MT0 8.58
NEBPFO 2.00 KA5AP0 4.09 KA9M05 3.04
NB8MT0 2. 18 KA5SE0 4.09 KA9M07 1.41
NB8NB2 a.81 KA5PF0 0.90 KA9M08 1. 36
KA1PH0 13.25 KA5MT0 3.88 DU0MX01 17.32
KAlNOO 5.40 KA6PH0 11.03 DO0MX02 1.90
KA1GV0 5.47 KA6CS0 3.00 DUOPAOl 16.23
KA1NE0 14.52 KA6NOO 3.72 DU0PA02 1. 17
KA1AP0 6.01 KA6GV0 5.05 DU0JM01 15.13
KA1SE0 6.01 KA6LA0 5.40 DU0JM02 0.86
KA1DL0 3.22 KA6SL0 5.40 DD0TF01 15.04
KA1PF0 1.02 KA6NE0 12.30 DU0TR02 0.49
KA1NB1 0.98 KA6AP0 2.82 DU0V201 15. 36
KA1NB2 3.85 KA6SE0 2.82 DU0VZ02 0.77
KA2PH0 11.73 KA6PF0 3.40 DU0BZ01 19.32
KA2NOO 2.18 KA6MT0 8.38 DUOBZ02 0.97
KA2GV0 2.25 KA6H05 2.78 DU0UR01 21.22
KA2NE0 12.60 KA6M07 2.25 DOOOR02 1.32
KA2AP0 4.09 KA6M0a 1.55 DUOPUO 1 18.71
KA2SE0 4.09 KA7PH0 11-23 DUOP002 1. 49
KA2PF0 1.50 KA7NOO 2.38 DU0CL01 20.30
KA2MT0 1.48 KA7GV0 2.45 DU0CL02 1.63
KA2NB2 4.27 KA7NE0 12. 50 DU0SW01 14.32
KA3PH0 12.73 KA7AP0 3.99 D00SW02 0.0
KA3NOO 3.27 KA7SE0 3. 99 DUONWO 1 14.38
KA3GV0 4. 60 KA7DL0 0.20 DU0NW02 0.01
KA3NE0 12.40 KA7HT0 2.58 DU0FN01 15.54
KA3AP0 2.74 KA8PH0 11.33 DU0FN02 0.01
KA3SE0 2.74 KA8NOO 2.58 DU0DN01 14.50
KR3PF0 2.90 KA8GV0 2.65 DaODN02 0.02
KA3MT0 7.88 KABLAO 1.90 DU0DK01 13. 15
KA3M05 2. 68 KA8SL0 1.90 DU0IR01 12.88
KA3M07 1.88 KA8NE0 13. 40 DU0NH01 12. 57
KfiUPHO 12.23 KA8AP0 4.09 DU0NH02 0.01
KAUNOO 3.48 KA8SE0 4.09 DD0BL01 12.57
KA4GV0 3.55 KA8PF0 0.90 DU0BL02 0.01
KAULAO 0.0 KA8MT0 5.08 DU0FR01 14.62
KAUSLO 0.0 KA9PH0 12.03 DU0FR02 0.01
KAaNEO 13.50 KA9NOO 5.22 DU0WG01 12.97
KA4AP0 4.99 KA9GV0 6. 55 DU0WG02 0.0
KA4SE0 4.99 KA9LA0 4.40 DU0EG01 14.67
KAUDLO 1.90 KA9SL0 4.40 DUOPOO 1 16,61
KA4MT0 2. 18 KA9NE0 13.30 DUOP002 0.0
KA5PH0 11.33 KA9AP0 4.69 DU0SI01 15. 89








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































• I K n o




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Coded Oppor. Coded Oppor. Coded Oppor
route Cost _ route Cost route Cost
CS0WG03 11. 38 CS0SA03 15. 44 NO0PA03 7T57
CS0WG04 3. 44 CS0SA04 2. 88 NO0PA04 0. 01
CS0EG01 18. 49 CSOKNO1 30. 74 NO0JM01 10. 45
CS0EG02 5. 33 CS0KN02 7. 01 NO0JM02 1. 04
CSOPOO1 20. 88 CS0KN03 18. 95 NO0JM03 7. 31
CSOP002 5. 51 CSOKN04 2. 88 NO0TR01 12. 20
CSOP003 13. 94 CSOIDO1 34. 75 NO0TR02 1. 36
CS0PO04 3. 10 CS0ID02 7. 75 NO0TR03 8. 14
CS0SI01 19. 25 CS0ID03 20. 87 NO0VZ01 11. 39
CS0SI02 5. 17 CS0ID04 2. 87 NO0VZ02 1. 20
CS0SI03 13. 13 CSOPKO1 34. 88 NO0VZ03 7. 76
CS0SI04 3. 07 CSOPK02 7. 79 NO0VZ04 0. 0
CS0PG01 18. 17 CS0PK03 20. 94 NO0BZ01 18. 23
CS0PG02 5. 25 CS0PK04 2. 88 NO0BZ02 2. 49
CS0PG03 12. 78 CSOVNO1 36. 46 NO0BZ03 11. 05
CS0PG04 3. 41 CS0VN02 8. 40 NO0UR01 20. 11
CS0IT01 19. 91 CS0VN03 21. 90 NO0UR02 2. 84
CSOIT02 5. 28 CS0VN04 3. 26 NO0UR03 11. 96
CS0IT03 13. 44 CS0PP01 34, 87 NOOPUO1 14. 30
CS0IT04 3. 05 CS0PP02 8. 09 NO0PU02 1. 76
CS0TK01 21. 72 CS0PP03 21. 13 NO0PU03 9. 17
CS0TK02 5. 63 CS0PP04 3. 26 NO0PU04 0. 01
CS0TK03 14. 32 CSOHKO1 34. 89 HO0CL01 16. 73
CS0TK04 3. 06 CS.0HK02 8. 16 NO0CL02 2. 22
CS0MR01 19. 93 CS0HK03 21. 18 NO0CL03 10. 34
CS0MR02 5. 17 CS0HK04 3. 34 NO0CL04 0. 03
CS0HE03 13. 86 CSOJPO1 30. 01 NO0SW01 17. 89
CS0MB04 3. 11 CS0JP02 7. 34 NO0SW02 3. 27
CS0TU01 21. 25 CSOJP03 18. 41 NO0SW03 10. 95
CS0TU02 5. 18 CS0JP04 3. 26 NO0SW04 0. 85
CS0UA01 21. 58 CSOCNO1 16. 87 NO0NW01 18. 05
CS0UA02 5. 58 CS0CNO2 7. 05 NO0NW02 3. 32
CS00A03 14. 24 CS0CN03 12. 99 NO0NW03 11. 03
CS0UA04 3. 03 CS0CN04 5. 74 NO0NW04 0. 87
CS0IS01 21. 97 CS0AG01 22. 75 NO0FN01 18. 75
CS0IS02 5. 67 CS0AG02 4. 69 NO0FN02 3. 14
CS0IS03 14. 43 CS0AU01 28. 31 NO0FN03 11. 17
CS0IS04 3. 06 CS0AU02 7. 18 NO0FN04 0. 49
CS0SNO1 19. 55 CS0AU03 17. 21 NO0DN01 18. 49
CS0SN02 4. 96 CS0AU04 3. 26 NO0DN02 3. 44
CS0SN03 13. 58 NO0MX01 9. 96 NO0DN03 11. 27
CS0SN04 2. 94 NO0MXO2 1. 07 NO0DN04 0. 92
CS0NG01 21. 77 NO0MX03 7. 16 NO0UK01 16. 82
CS0NG02 4. 69 N00nx04 0. 16 NO0UK02 3. 32
CS0SA01 24. 25 NOOPAO1 10. 99 NO0DK03 10. 57
CSOSA02 5. 95 NO0PA02 1. 15 NO0UK04 1. 15
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Table 28> (Continued}
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
NOOIEOI 16. 40 NO0TU01 20. 54 " NOOCNOl 16T48
NO0IB02 3. 26 NO0TU02 2.95 NO0CN02 4. 94
NO0IR03 10- 40 NOOUAO1 21.03 NO0CN03 11. 50
NOOIHOa 1. 17 NOOUA02 3.41 NO0CN04 3. 22
NO0NH01 16. 04 NO0UA03 12. 65 NO0AG01 21. 30
NO0NH02 3. 23 NO0UA04 0.48 NO0AG02 2. 18
NO0NH03 9. 77 NOOlSOl 21.12 NO0AU01 26. 14
NO0NH04 1. 04 NO0IS02 3.38 NO0AU02 4. 39
NO0BL01 15. 90 NO0IS03 12.67 NO0AU03 14. 64
NO0BL02 3. 19 NO0IS04 0. 43 NO0AU04 0. 33
NO0BL03 9. 69 NO0SN01 18.40 GV0MX01 8. 68
NO0BL04 1. 01 NO0SN02 2.56 GV0MX02 0. 56
NO0FR01 17. 18 NO0SN03 11.65 GV0MX03 6. 84
NO0FR02 2. 90 NO0SN04 0.25 GV0PA01 10. 34
NO0FR03 10. 45 NO0NG01 20.32 GVOPA02 0. 87
NO0FR04 0. 54 NO0NG02 2. 18 GV0PA03 7. 63
NO0WG01 16. 22 NO0SA01 22.27 GV0JM01 9. 89
NO0WG02 3. 15 NO0SA02 3.25 GV0JM02 0. 80
NO0WG03 9. 79 NO0SA03 13.00 GVOJM03 7. 41
NO0WG04 0. 89 NO0SA04 0.0 GV0JM04 0. 0
NO0EG01 17. 92 NO0KN01 28,77 GV0TR01 11. 77
NO0EG02 3. 15 NO0KN02 4.30 GV0TR02 1. 16
NO0PO01 19. 83 NO0KN03 16.50 GV0TR03 8. 33
NO0PO02 3. 15 NO0KN04 0.0 GV0TR04 0. 02
NO0PO03 12. 05 NO0ID01 32.78 GVOVZ01 10. 82
NO0PO04 0. 44 NO0ID02 5.05 GV0VZ02 0. 96
NOOSIOI 18. 57 NO0ID03 18.42 GV0VZ03 7. 87
NO0SI02 2. 94 NO0PK01 32.90 GV0BZ01 17. 80
NO0SI03 11. 46 NO0PK02 5.07 GV0BZ02 2. 30
NO0SI04 0. 49 NO0PK03 18.49 GV0BZ03 11. 25
NO0PG01 17. 44 NO0PK04 0.0 GV0BZ04 0. 04
NO0PG02 3. 00 NOOVNO1 32.91 GV0UR01 20. 05
NO0PG03 11. 09 NO0VN0 2 5.09 GV0UR02 2. 78
NO0PG04 0. 81 NO0VN03 18.50 GV0UR03 12. 36
NOOITOI 19. 10 NO0VN04 0.02 GV0UR04 0. 11
NO0IT02 3. 01 NO0PP01 31.31 GV0PU01 13. 67
NO0IT03 11. 70 NO0PP02 4.80 GV0PU02 1. 50
NO0IT04 0. 45 NO0PP03 17.73 GVOPU03 9. 23
NO0TK01 21. 02 NO0PP04 0.02 GV0CL01 16. 10
NO0TK02 3. 40 NO0HK01 31.29 GV0CL02 1. 96
NO0TK03 12. 64 NO0HK02 4. 84 GV0CL03 10. 40
NO0TK04 0. 47 NO0HK03 17.75 GV0SW01 17. 06
NO0MR01 19. 04 NO0HK04 0.08 GV0SW02 2. 93
NO0HR02 2. 87 NO0JP01 26.42 GV0SW03 10. 89
NO0MR03 12, 07 NO0JP02 4.02 GV0SW04 0. 79
NOOMROU 0. 49 NO0JP03 14.99 GV0NW01 16. 86
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Table 28. (continued) _ _
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
6V0NW02 2.85 GV0PG02 2. 82 GV0PK04 oT 03
GV0NW03 10.77 GVOPG03 11. 29 GV0VN01 32. 28
GV0NW04 0.72 GV0PG04 0. 85 GV0VN02 4. 83
GV0FN01 17. 51 GV0IT01 18. 78 GV0VN03 18. 57
GV0FN02 2.65 GV0ITO2 2. 86 GV0PPO1 30. 67
GV0FN03 10.88 GV0IT03 11. 96 GV0PP02 4. 52
GV0FN04 0.33 6701104 0. 50 GV0PP03 17. 80
GV0DN01 17.23 GV0TK01 20. 56 GV0HK01 30. 39
GV0DN02 2. 94 GV0TK02 3. 19 GV0HK02 4. 48
GV0DN03 10.96 GV0TK03 12. 81 GV0HK03 17. 66
GVODN04 0.75 GV0TK04 0. 50 GV0JP01 25. 84
GV0UK01 16.25 GV0HR01 18. 69 GV0JP02 3. 78
GV0UK02 3.07 GVOMR02 2. 71 GV0JP03 15. 09
GV0aK03 10.68 GV0MR03 12. 31 GV0CN01 16. 08
GV0aK04 1.14 GV0MR04 0. 53 GV0CN02 4, 76
GV0IR01 16.00 GV0TU01 20. 12 GV0CN03 11. 71
GV0IE02 3.08 GV0TU02 2. 75 GV0CN04 3. 26
GV0IR03 10. 60 GV0UA01 20. 61 GV0AG01 21. 39
GV0IR04 1.21 GV0UA02 3. 21 GV0AG02 2, 18
GV0NH01 15. 49 GVOUA03 12. 84 GV0AU01 24. 14
GV0NH02 3.00 GV0UA04 0. 52 GV0AU02 3. 62
GV0NH03 9.89 GV0IS01 20. 77 GV0AU03 13. 90
GV0NH04 1.05 GV0IS02 3. 22 LA0WX01 25. 69
GVOBL01 15.51 GV0IS03 12. 91 LA0HX02 9. 73
GV0BL02 3.01 GV0IS04 0. 48 LA0MX03 18. 85
GV0BL03 9.90 GVOSNO 1 17. 99 LA0MX04 7. 39
GV0BL04 1.05 GV0SN02 2. 38 LA0PA01 21. 80
GV0FR01 16.87 GV0SN03 11. 84 LA0PA02 7. 97
GV0FR02 2.75 GV0SN04 0. 29 LA0PA03 16. 31
GV0FR03 10.71 GVONGO1 20. 41 LA0PA04 6. 11
GV0FS04 0.61 GV0NG02 2. 18 LA0JMO1 23. 31
GV0WG01 1^.90 GV0SA01 21. 83 LA0JM02 8. 63
GV0WG02 3.00 GV0SA02 3. 05 LA0JM03 17. 28
GV0WG03 10.05 GV0SA03 13. 18 LA0JM04 6. 57
GV0WG04 0. 95 GV0SA04 0. 03 LA0TR01 24. 28
GV0EG01 17.61 GVOKNO1 28. 32 LA0TR02 8. 66
GVOEGO? 3.00 GV0KN02 4. 11 LA0TS03 17. 65
GVOP001 19.43 GV0KN03 16. 68 LA0TR04 6. 38
GV0PO02 2. 96 GV0KN04 0. 03 LA0VZ01 23. 74
GV0PO03 12.25 GV0ID01 32. 34 LA0VZ02 8. 60
GV0PO04 0.48 GV0ID02 4. 85 LA0VZ03 17. 42
GV0SI01 18. 14 GV0ID03 18. 61 LA0VZO4 6. 44
GV0SI02 2.76 GV0ID04 0. 02 LA0VZ05 13. 20
GV0SI03 11.66 GV0PK01 32. 46 LA0VZ06 5. 02
GV0SI04 0.52 GV0PK02 4. 88 LA0BZ01 30. 51


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Coded Oppor. Coded Oppor. Coded Oppor.
route^
LA0VN03
Cost route cost route Cost
16. 79 SL0VZ03 17. 65 SL0IR01 ITT 95
LA0VN04 2. 10 SL0VZ04 6. 56 SL0IR02 11. 88
LA0PP01 25, 94 SL0VZ05 12. 75 SLOIR03 21. 52
LA0PP02 5, 55 SL0VZ06 4. 84 SL0IR04 8. 21
LAOPP03 16. 75 SL0BZ01 31. 65 SL0NH01 31. 1^1
LA0PP04 2. 37 SI0BZ02 10. 32 SLONH02 11. 69
LA0HK01 24. 82 SL0BZ03 20. 90 SL0NH03 20. 62
LA0HK02 5. 19 SL0BZ0 4 6. 55 SL0NH04 7. 96
LA0HK03 16. 12 SL0BZ05 13. 98 SL0NHO5 13. 81
LA0HK04 2. 20 S10BZ06 4. 07 SL0NH06 5. 48
LA0JP01 22. 02 SLOURO1 31. 49 SL0BL01 30. 88
LA0JP02 5. 15 SL0UR02 9. 90 SL0BL02 11. 60-
LA0JP03 14. 59 SL0UR03 20. 58 SL0BL03 20. 48
LA0JP04 2. 59 SL0UR04 6, 07 SL0BL04 7. 91
LA0JP05 9. 75 SLOPUO 1 22. 85 SL0BL05 13. 72
LA0JP06 0. 92 SL0PU02 7. 77 SL0BL06 5. 44
LA0CN01 29. 03 SL0PU03 16. 09 SL0FR01 32. 13
LA0CN02 12. 42 SL0PU04 5. 43 SL0FR02 11. 29
LA0CN03 21. 29 SLOCLO1 25. 00 SL0FR03 21. 22
LA0CN04 9. 72 SL0CL02 8. 12 SL0FR04 7, 43
LA0AG01 33. 72 SL0CL03 17. 10 SL0WG01 31. 52
LA0AG02 9. 60 SL0CL04 5. 37 SL0WG02 11. 69
LA0AU01 23. 29 SL0CL05 11. 80 SL0WG03 20. 77
LA0Aa02 6. 11 SL0CL06 3. 52 SL0WG04 7. 86
LA0An03 15. 19 SLOSWO1 32. 80 SL0WG05 13. 80
LA0AU04 3. 28 SL0SW02 11. 66 SL0WG06 5. 33
LA0AU05 10. 06 SL0SW03 21. 68 SL0EG01 34. 22
LA0AU06 1. 48 SL0SW04 7. 73 SL0EG02 12. 06
SL0MX01 26. 86 SLONWO 1 32. 31 SLOP001 35. 09
SL0MX02 10. 20 SL0Ntf02 11. 46 SLOP002 11. 66
SLOMX03 19. 09 SL0NW03 21. 39 SLOP003 23. 00
SLOMXOa 7. 50 SL0NW04 7. 60 SL0PO04 7. 40
SLOPA01 22. 93 SLOFNO 1 33. 18 SL0SI01 33. 42
SL0PA02 8. 42 SL0FN02 11. 35 SL0SI02 11. 32
SL0PA03 16. 54 SL0FN03 21. 63 SL0SI03 22. 18
SL0PA04 6. 22 SL0FN04 7. 26 SL0SI04 7. 36
SL0JM01 24. 46 SL0DN01 32. 98 SL0PG01 32- 51
SL0JM02 9. 08 SL0DN02 11. 67 SL0PG02 11. 45
SL0JM03 17. 51 SL0DN03 21. 75 SL0PG03 21. 93
SL0JH04 6. 68 SL0DN04 7. 70 SL0PG04 7. 74
SL0TR01 25. 42 SLOUK01 32. 02 SL0PG05 15. 11
SL0TE02 9. 11 SL0UK02 11. 80 SL0PG06 5. 31
SL0TR03 17. 88 SL0UKO3 21. 50 SL0IT01 34. 03
SL0TR04 6. 49 SLOUK04 8. 10 SL0IT02 11. 41
SL0VZ01 24. 89 SL0UK05 14. 84 SL0IT03 22. 45
SL0VZ02 9. 06 SL0aK06 5. 69 SL0IT04 7. 34
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Table 26. (Continued)
Coded Oppor. Coded Oppor
route Cost route Cost
SL0IT05 15. 07 SLOPKO1 32. 35
SL0IT06 a. 69 SL0PK02 7. 67
SLOTK01 35. 90 SLOPK03 19. 95
SL0TK02 11. 77 SL0PK04 3. 32
SL0TK03 23. 36 SL0VN01 24. 62
SLOTK04 7. 35 SL0VN02 4. 79
SL0TK05 15. 42 SL0VN03 15. 31
SL0TK06 4. 49 SL0VN04 1. 56
SL0MH01 33. 82 SL0PP01 22. 95
SL0HE02 11. 21 SLOPP02 4. 46
SL0ME03 22. 74 SL0PP03 14. 49
SLOMROa 7. 33 SL0PP04 1. 54
SL0HR05 15. 50 SL0HK01 22. 54
SL0HR06 4. 77 SL0HK02 4. 37
SL0TU01 35. 37 SL0HK03 14. 29
SL0TU02 11. 30 SL0HK04 1 . 51
SL0UA01 35. 53 SI0JP01 17. 92
SL0Ua02 11. 64 SL0JP02 3. 64
SL0UA03 23. 15 SL0JP03 11. 67
SL0UA04 7. 27 SL0JP04 1 . 49
SL0IS01 35. 94 SLOJP05 7. 33
SL0IS02 11. 74 SL0CN01 30. 52
SL0IS03 23. 36 SLOCN02 13. 00
SLOIS04 7. 30 SL0CN03 21. 72
SL0IS05 15. 39 SL0CN04 9. 91
SLOIS06 a. 43 SL0AG01 34. 82
SL0SN01 32. 37 S10AG02 10. 04
SL0SN02 10. 60 3L0AU01 22. 41
SL0SN03 21, 82 SL0AU02 5. 80
SLOSNOa 6. 92 SLOAU03 14. 20
SL0NG01 33. 84 SL0AU04 2. 92
SL0NG02 10. 04 SL0AU05 8. 85















Table 29. Opportunity Cost: model I 1 ob-jective ^function.
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
SPOLAO a.08 OH1SEO 2.90 InTins 1.6T
SPOSLO 11.96 0H1MC2 2.89 IN1WI6 2.78
SPOSEO 3.48 0H1MC3 2.23 IN1WI7 4, 53
SPODLO 0.75 0H1OH3 0.48 IN2PH0 0.41
SPOPFO 5.22 0H10H9 0.96 IN2NOO 4.22
SPOMTO 6.48 0H1IN8 3.98 IN2CH0 2. 36
MC5PH0 1.12 OH2PHO 0.39 IN2TO0 2.03
HC5CH0 4.12 OH2TOO 2.96 IN2MC2 1.86
MC5TO0 3. 11 OH2APO 1 .64 IN2IN8 2.50
HC5MC1 2.74 OH2SEO 4.00 IN2WI6 3.48
MC5I1C2 0.64 OH2MC3 3.53 IN3PH0 0.39
HC5WI3 4.21 0H20H9 1.60 IN3CH0 3.13
MC5WI5 4.91 OH4PHO 0.14 IN3TOO 2.52
MC5WI5 3,85 OH4CHO 4.38 IN3riC2 2.47
WC6PH0 1.18 OH4TOO 2.69 IN3MC3 1.95
MC6TO0 3.33 OH4APO 0.34 IN 30H3 0.45
MC6MC2 3.26 OH4SEO 1 .92 IN30H9 0.76
MC6HC3 1. 18 OH4DL0 6. 11 IN3IN8 3.08
MC60H3 1.71 OH40H3 0.39 IN4PH0 0. 35
MC7PH0 0.78 OH40H9 0.31 IN4NOO 3.19
MC7CH0 3.03 OH4IN8 3.27 IN4CH0 2. 19
HC7TO0 2.28 OH5TOO 3.41 IN4TO0 2.29
MC7MC2 1.19 OH5APO 0.30 IN4NE0 -0. 16
MC7MC3 0.75 OH5SEO 2.37 IN4SE0 0.45
MC7WI3 3.56 OH5DLO 7. 19 IN4DL0 3.15
MC7WI5 3.97 0H50H3 1.28 IN4IN8 0.86
MC7WI6 3.00 OH5IN8 4. 34 IN4M06 3.31
MC8PH0 0.83 OH7TO0 3.61 IN5PH0 0.40
MC8CH0 3.61 OH7NEO 0.70 IN5NO0 3.67
MC8TOO 2.94 OH7SE0 1.17 IN5CH0 2.73
MC8MC2 1.75 OH7DLO 5.58 IN5TOO 2.55
MC8MC3 1.32 0H70H3 1,21 IN5NE0 0.29
MCB0H3 0.94 0H70H9 0. 65 IN5SE0 0.65
MC8HI5 5.08 0H7IN8 3.49 IN5DL0 3.87
MC8WI6 4.07 OH8PH0 0.62 IN50H9 0.49
MC9PH0 0.71 OH8TOO 4.76 IN5IN8 1.00
MC9CH0 4.89 OH8NEO 0.94 IN6PH0 0. 16
MC9TOO 1.65 OH8SEO 1.86 IN6NO0 3.42
MC9WC2 2.84 OH8DLO 7. 16 IN6CH0 3.04
MC9MC3 2.29 OH80H3 1.79 IN6TOO 2.27
MC90H3 0.81 0H80H9 1.20 IN6AP0 0. 06
HC90H9 1.76 OH8IN8 4.51 IN6SE0 1.11
OHTPHO 0.44 IN1PH0 0.40 IN6DL0 4.68
OH1CHO 4.06 IN1NOO 2.60 IN60H3 0.38
OH1TOO 1.79 IN1CH0 0.74 IN60H9 0.29
CH1AP0 1.20 IN1TO0 2.02 IN6IN8 2.64
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Table 29« (Continued)
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
IN7PH0 1.23 IL2NE0 0.44 ""lL7AP0 "0.37
IN7NOO 1.70 IL2AP0 1.20 It7DL0 1.68
IN7CH0 3.49 IL2SE0 1.68 IL7IN8 1. 50
IN7NE0 1.32 IL2DL0 3.37 IL7M05 2.78
IN7AP0 0. 17 IL2WI3 2.44 IL7M06 2.63
IN7DL0 2.77 IL2WI5 2.46 IL8NOO 1.36
IN7M06 3.43 IL2WI6 2. 14 IL8CH0 3.63
IN9PH0 2.05 IL2WI7 3.28 IL8NE0 2.33
IN9NOO 1.01 IL3PH0 0.81 IL8AP0 0.95
IN9NE0 2.22 IL3CH0 0.58 IL8DL0 0.99
IN9AP0 0.68 IL3NE0 0.44 IL8IN8 1.61
IN9DL0 2.31 IL3AP0 0.35 IL8H05 2.53
IN9IN8 1.60 IL3DL0 0.44 IL8M06 1.61
IN9M06 3.27 IL3WI7 2,25 IL8M08 0,58
WIBNOO 2. 17 IL3M05 0.52 IL9NOO 1.65
WIBCHO 0.50 IL4PH0 0.36 IL9CH0 3.85
WI8WI1 2.48 IL4NO0 0.09 IL9NE0 2. 20
WI8WI2 1-37 IL4CH0 1.21 IL9AP0 0.77
WI8WI3 1.04 IL4NE0 0.03 IL9DL0 1.72
WI8WI4 2. 13 IL4DL0 1.37 IL9IN8 1.89
WI8WI5 0.14 IL4IN8 0.58 IL9H05 3.45
WI8WI6 0.74 IL4WI7 2.99 IL9H06 3.04
WI8WI7 0.75 IL4M05 1 .83 IL9M08 1.43
WI9NOO 2.27 IL4M06 1. 18 HN4PH0 3.57
WI9CH0 0.65 IL5PH0 0.30 MN4N00 2.91
WI9MC1 0.59 IL5NO0 1.40 MN4GV0 7.90
WI9MC2 0. 13 IL5CH0 0.65 MN4LA0 4.64
WI9MC3 0.22 IL5SE0 0.20 MN4SL0 4. 96
WI9WI2 2.38 IL5DL0 2.11 MN4NE0 2. 35
WI9WI3 1. 17 IL5IN8 0.69 HN4WI1 0.65
WI9WI4 3.52 IL5WI7 3.75 MN4MN1 0.93
WI9WI5 1.47 IL5M06 2.02 MN4MN2 0. 18
WI9WI7 3.23 IL6PH0 1.31 HN5PH0 3.38
IL1PH0 0.60 IL6CS0 0. 10 MN5NO0 1.43
IL1NO0 0.57 IL6NOO 0.41 MNSGVO 8.67
ILUPO 0.77 IL6CH0 1.75 MN5LA0 6. 39
IL1SE0 1.06 IL6NE0 1.14 MN5SL0 6.82
IL1DL0 2.26 IL6AP0 0.51 HN5NE0 2. 15
IL1WI2 2. 17 IL6DL0 0.83 MN5AP0 4, 29
IL1WI3 1.34 IL6IN8 0.97 MN5SE0 • 4.61
IL1WI4 2.91 IL6M05 1.39 MN5WI1 1. 13
IL1WI5 1.54 IL6M06 0.83 HN5WI2 1.54
IL1WI6 0.90 IL6M08 0. 22 MN5WI4 1.67
IL1WI7 2.21 IL7NOO 2.21 MN5MN1 1.78
IL2PH0 1.00 IL7CH0 2.40 MN5MN2 1.47
IL2NOO 1. 10 IL7NE0 1.21 MN7PH0 2.53
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Table 29. (Continued)
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
MN7NO0 2,52 IA2PH0 0.98 IA7NOO 1. 22
MN7GV0 5.84 IA2CS0 1.21 IA7GV0 3.87
WN7LA0 3,38 IA2NOO 0.47 IA7CH0 2.04
MN7SL0 4. 67 IA2GV0 5.28 IA7AP0 2. 11
KN7NE0 1.55 IA2CH0 0.44 IA7SE0 1.31
HN7AP0 2.89 IA2NE0 0. 12 IA7n05 0.36
MN7SE0 2.71 IA2AP0 1.27 lascso 0.87
MN7WI1 0,32 IA2SE0 1.24 IA8NO0 1.18
nN7WI4 0.99 IA2DL0 1.06 IA8GV0 4.21
HN7NB2 2.30 IA2WI7 0.77 IA8CH0 1.13
MN8PH0 2.19 IA3NOO 0.37 IA8AP0 1.25
MN8NOO 0.78 IA3GV0 5.99 IA8SE0 0.67
HN8GV0 6.68 IA3CH0 0. 33 IA8WI7 1.65
MN8LA0 5. 18 IA3AP0 1.21 IA8M06 0.47
MN8SL0 6.39 IA3SE0 1.35 IA9GV0 4.86
MN8NE0 1.18 IA3DL0 1.64 IA9CH0 0.86
MN8AP0 2.72 IA3WI1 0.75 IA9AP0 1.00
MN8SE0 2.79 IA3WI2 0.26 IA9SE0 0.60
HN8wn 0.14 IA3WI4 0.56 IA9DL0 0.49
MN8WI2 0.67 IA3WI5 0.02 IA9HI7 1.T2
MN8WI4 0.62 IA4PH0 1.56 IA9M05 0.53
MN8WI7 1.38 IA4NOO 1 .33 IA9M06 0.56
HN9PH0 1.51 lAUDUO 0.81 M01NOO 0. 98
HN9CS0 2.22 IA4CH0 0.97 M01GVO 3.97
MN9GV0 6. 90 IA4NE0 0.88 PI01CHO 2.72
f1N9LA0 6.21 IA4AP0 1.43 MOINEO 2.68
MN9SL0 7.49 IA4SS0 0,93 M01APO 2.35
MN9DU0 0.05 IA5NO0 0.41 M01SEO 1.38
riN9NE0 0.50 IA5GV0 4.26 M01M05 0.39
MN9AP0 2.14 IA5AP0 0.55 M01M06 1,17
WN9SE0 2.40 IA5SE0 0.29 M01M07 0.20
MN9WI1 0.26 IA5WI4 0.56 I1O2NO0 1.78
HN9WI2 0.08 IA5WI7 0.14 «O2GV0 4.82
MN9WI3 0.07 IA6PH0 1 .00 HO2CH0 2.89
MN9WI4 0. 18 IA6GV0 5.54 riO2NE0 2.77
MN9WI5 0.28 IA6DU0 1.96 nO2AP0 2.31
MN9WI6 0.33 IA6CH0 0.41 MO2SE0 1,42
MN9WI7 0.74 IA6NE0 0.35 HO2DL0 0.55
IA1NO0 2.32 IA6AP0 1 .04 M02M05 0.61
IA1GV0 4.87 lAeSEO 0.96 H02M06 1.17
IA1CH0 1. 18 IA6DL0 1.16 M02M07 1.13
IA1NE0 0.87 IA6Wr2 1.27 MO3CS0 1, 19
IA1AP0 1.91 IA6WI4 1 .56 MO3NO0 0,38
IA1SE0 1.64 IA6WI5 0.78 MO3GV0 5,07
IA1DL0 0.90 IA6WI6 0.67 MO3CH0 2.45
IA1HI4 0.52 IA6WI7 1.34 MO3NE0 2.22
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^ble_29,; (Continued)
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
MO3AP0 1.70 SD3AP0 4.09 NB4SD4 2755
MO3SE0 0.95 SD3SE0 4.04 NB4NB1 0.15
MOSDLO 0.65 SD3SD1 1 .06 NB4NB2 2.61
M03H05 0.45 SD6PH0 2.72 NB5PH0 4.48
M03M06 1.00 SD6NO0 2.52 NB5NOO 4.80
MO4NO0 3,32 SD6GV0 5.38 NB5GV0 4,07
MO4GV0 4.37 SD6LA0 2.19 NB5LA0 0.92
MO4NE0 4.47 SD6SL0 3. 46 NB5SL0 4.03
M04APO 3.40 SD6NE0 1.75 NB5CH0 3-91
MO4SE0 2.03 SD6AP0 3.02 NB5NE0 3.86
MOUDLO 0.29 SD6SE0 2.71 NB5AP0 4.01
Moanos 1.26 SD6SD1 0.72 NB5SE0 3.00
Moawoe 2. 18 SD6SD4 1.01 NB5NB2 1,29







M09NOO 1.07 SD8SD4 1.18 NB6GV0 2.77
MO9GV0 5.00 SD9PH0 2-23 NB6LA0 0.90
MO9AP0 1.51 SD9NOO 1.30 NB6SL0 3,91
M09DLO 0.65 SD9GV0 3.87 NB6CH0 1.75
M09IN8 2.72 SD9LA0 0.73 NB6NE0 1.71
M09M05 3,42 SD9SL0 2.61 NB6AP0 1,88
M09M06 3.43 SD9NE0 1. 38 NB6SE0 0.99
M09M08 0.90 SD9AP0 2.25 NB6PF0 0.03
ND9NE0 3.59 SD9SE0 1.69 NB6NB2 0.62
ND9AP0 5. 68 SD9NB2 0.39 NB7PH0 5.25
ND9SE0 5,70 NB3PH0 2.55 NB7NOO 4.85
ND9MN2 0.49 NB3NO0 1. 43 NB7GV0 3. 93
ND9SD1 1, 05 NB3GV0 3.51 NB7LA0 0.85
ND9SD4 2.19 NB3LA0 1-06 NB7SL0 4.56
SD2PH0 4.30 NB3SL0 3.61 NB7CH0 4.75
SD2NO0 5.54 NB3CH0 1.96 NB7NE0 4.73
SD2GV0 7. 05 NB3NE0 1 .85 N37AP0 4,58
SD2LA0 2.05 NB3AP0 2.32 NB7SE0 3. 37
SD2SL0 2.30 NB3SE0 1.57 NB7DL0 1.10
SD2DU0 0-71 NB3HT0 0.13 NB7PF0 0- 14
SD2NE0 3. 13 NB3NB2 0,33 NB7NB1 0.48
SD2AP0 4.84 NB4PH0 6.81 NB7NB2 2.21
SD2SE0 4. 64 NB4NO0 6.62 NB8PH0 3.66
SD2SD4 0.52 NB4GV0 5.57 NB8NOO 2.3a
SD2NB2 1.80 NB4LA0 0.98 NB8GV0 3.46
SD3PH0 3.47 NB4SL0 4.23 NB8LA0 2.44
SD3NO0 3.25 NB4CH0 6.24 NB8SL0 6.05
SD3GV0 7.05 NB4NE0 6. 18 NBBCHO 3.21
SD3LA0 3.28 NB4AP0 6.30 NB8NE0 3.19
SD3SL0 3.73 NB4SE0 5. 17 NB8AP0 2.98
SD3NE0 2.31 NB4MT0 0.05 NB8SE0 1.90
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Table 29. fContinued)
Co^ed Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
NB8PF0 1,81 KA5SE0 2^54 KA9M05 2,13
NB8HT0 1.66 KA5PF0 1.35 KA9M07 0.31
NBBNB2 2,86 KA5HT0 1,20 KA9M08 0.31
KA1PH0 7.49 KA6PH0 4.65 DU0MX01 17. 18
KMNOO 6.04 KA6CS0 2.60 DU0MX02 1.76
KAIGVO 4.69 KA6NO0 2.08 DD0PA01 16.09
KA1NE0 7.04 KA6GV0 3.65 DU0PA02 1,03
KA1AP0 6.60 KA6LA0 4. 80 DU0JM01 14.99
KA1SE0 5. 14 KA6SL0 9.31 DU0JM02 0.72
KA1DL0 2.52 KA6NE0 4,44 DU0TR01 14, 90
KA1PF0 0. 18 KA6AP0 3,52 DD0TR02 0.35
KA1NB1 1.46 KA6SE0 2, 11 DO0VZ01 15.22
KA1NB2 3.92 KA6PF0 4.60 DU0VZ02 0.63
KA2PH0 4.22 KA6MT0 4.43 DOOBZOI 19.18
KA2NOO 2.86 KA6M05 1.37 DU0BZ02 0.83
KA2GV0 3. 16 KA6M07 0.65 DUODROI 21, 08
KA2NE0 3,80 KA7PH0 6.10 DU0UK02 1,18
KA2AP0 3.42 KA7NO0 3. 61 DO0PU01 18, 57
KA2SE0 2. 18 KA7GV0 2.16 DU0P002 1.35
KA2PF0 1.26 KA7SL0 5. 54 DU0CL01 20. 16
KA2MT0 1.08 KA7NE0 5.86 DU0CL02 1.49
KA2NB2 2.79 KA7AP0 4.85 DU0SW01 14.32
KA3PH0 4.04 KA7SE0 3. 11 DU0NW01 14.37
KA3NO0 1,49 KA7DL0 0.27 DU0Ntf02 0.0
KA3GV0 3.61 KA7MT0 0.06 DU0FN01 15.53
KA3NE0 3.71 KA8PH0 5. 80 DU0FN02 0.0
KA3AP0 3.15 KA8NOO 3,53 DU0DN01 14.49
KA3SE0 1.93 KA8GV0 2.46 DU0DN02 0.01
KA3PF0 3.43 KA8LA0 2. 11 DD0UK01 13. 15
KA3MT0 3.25 KA8SL0 7.47 DU0IR01 12.88
KA3M05 0.99 KA8NE0 5.62 DU0NH01 12.56
KAUPHO 7.26 KA8AP0 4.49 DUOBL01 12.56
KAUNOO 5.18 KA8SE0 2.76 DO0FR01 14.61
KA4GV0 3.71 KA8PF0 2.14 DD0FR02 0.0
KA4LA0 0.28 KA8MT0 2. 12 DUOHG01 12. 97
KA4SL0 5.43 KA8M07 0.11 DUOEG01 14,67
KAUNEO 6. 92 KA9PH0 5.44 DUOP001 16.61
KA4AP0 6,18 KA9NOO 3.82 DUOSI01 15.89
KAaSEO 4.55 KA9GV0 3.43 DU0PG01 14,59
KA4DL0 1.79 KA9LA0 5.08 DU0PG02 0,0
KAUPFO 0,06 KA9SL0 10, 11 DU0IT01 16,41
KA5PH0 5.12 KA9NE0 5,34 DU0IT02 0.0
KA5NOO 3.67 KA9AP0 4,09 DDOTKOI 17.91
KA5GV0 2,74 KA9SE0 2,45 DU0TK02 0,0
KA5NE0 4.82 KA9PF0 5.08 DU0MR01 16,56































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Coded Oppor. Coded Oppor, Coded Oppor
route Cost route Cost route Cost
TO0EG01 13. 69 PH0MX02 6, 26 PHOFNO" 4l16
TO0EG02 0. 01 PH0MX03 12,93 PH0DN01 19. 69
TOOP001 15. 63 PH0MX04 4.96 PH0DN02 6. 60
TOOP002 0. 01 PH0PA01 16,54 PH0DN03 13. 72
TO0SI01 14, 90 PH0PA02 5.85 PH0DN04 4. 52
TO0SI02 0. 01 PH0PA03 12,58 PH0UK01 17. 28
TO0PG01 13. 61 PH0PA04 4.53 PH0aK02 6. 20
TO0PG02 0. 0 PH0JM01 15.44 PH0UK03 12, 59
TO0IT01 15, 42 PHOJM02 5,53 PH0UK04 4. 59
TO0TK01 16. 92 PH0JM03 11.99 PH0IR01 17, 71
TO0TK02 0. 0 PH0JM04 4.39 PH0IR02 6. 46
TO0MR01 15, 57 PHOTRO1 16.13 PH0IH03 12, 91
TO0MR02 0. 01 PH0TR02 5.45 PH0IR04 4, 82
TO0TU01 16. 87 PH0TB03 12. 18 PH0NH01 17, 11
TO0TU02 0. 0 PH0TE04 4.13 PH0NH02 6, 35
TO0DA01 16, 89 PH0VZ01 16, 14 PH0NH03 12. 14
TO0UA02 0. 0 PH0VZ02 5.61 PH0NH04 4, 62
TO0IS01 17. 10 PH0VZ03 12.29 PH0BL01 16. 64
TO0IS02 0. 01 PH0VZ04 4.32 PH0BL02 6. 17
TO0SN01 16. 17 PHOBZO1 21. 51 PH0BL03 11, 87
TO0SN02 0. 0 PH0BZ02 6,35 PH0BL04 4. 52
TO0NG01 18, 70 PH0BZ03 14.69 PH0FR01 18, 49
TO0NG02 0, 0 PHOBZ04 4.00 PH0FR02 6, 10
TO0SA01 21, 33 PHOURO 1 23,40 PH0FR03 12. 96
TO0SA02 1. 24 PH0UR02 6,70 PH0FR04 4, 18
TO0KN01 27. 82 PH0UR03 15.61 PH0WG01 17, 07
TO0KN02 2. 30 PH0UR04 3.99 PH0WG02 6. 18
TO0ID01 31. 83 PH0PD01 19.86 PH0WG03 12. 03
TO0ID02 3. 04 PH0PU02 6.47 PH0HG04 4. 43
TO0PK01 31, 96 PH0PU0 3 14. 18 PH0EG01 18. 77
TO0PK02 3. 08 PH0PU04 4.53 PH0EG02 6. 18
TO0VN01 36, 00 PH0CL01 22,29 PHOP001 21. 33
TO0VN02 4. 60 PH0CL02 6.93 PHOP002 6. 41
TO0PP01 34. 60 PH0CL03 15.35 PHOP003 14. 68
TO0PP02 4. 38 PH0CL04 4,54 PHOP004 4, 12
TOOHKO1 34. 28 PHOSWO1 19,04 PH0SI01 19. 76
TO0HK02 4. 32 PH0SW02 6,42 PH0SI02 6. 10
TO0JP01 29, 67 PH0SW03 13,37 PH0SI03 13. 91
TO0JP02 3, 60 PH0SW04 4,45 PH0SI04 4. 09
TO0CN01 7, 47 PH0NW01 19,09 PH0PG01 18. 79
TO0CN02 0. 01 PH0NW02 6, 42 PH0PG02 6. 22
TO0AG01 19, 68 PH0NW03 13,38 PH0PG03 13. 63
TO0AG02 0, 0 PH0NW04 4,43 PH0PG04 4. 46
TO0AU01 28, 00 PHOFNO1 20,24 PHOITOI 20. 29
TO0AU02 3. 45 PH0FN02 6,41 PH0ITO2 6. 10



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost _route_^^ Cost
CSOFROU U.80 CS0NG02 6. 33 ~NO0MX04~ 0.16
CS0WG01 18.«3 CS0SA01 25.76 NO0PA01 10.99
CS0WG02 6. 98 CS0SA02 7.46 NO0PA02 1. 15
CSOWG03 13.03 CS0SA03 16.95 NO0PA03 7.57
CS0WG04 5.09 CS0SA04 4.39 NO0PA04 0.01
CS0EG01 20. 14 CS0KN01 32.25 NO0JM01 10.45
CS0EG02 6. 98 CS0KN02 8.52 NO0JH02 1.04
CSOP001 22. 53 CS0KN03 20.46 NO0JM03 7,31
CSOP002 7. 16 CS0KN04 4.39 NOOTRO 1 12.20
CSOP003 15. 59 CS0ID01 36.26 NO0TR02 1.36
CS0PO04 4. 75 CS0ID02 9.26 NO0TR03 8. 14
CSOSIOI 20.90 CS0ID03 22.38 NO0VZ01 11.39
CS0SI02 6.82 CS0ID04 4.38 NO0VZ02 1. 20
CS0SI03 14.78 CS0PK01 36.39 NO0VZ03 7.76
CS0SI04 4.72 CS0PK02 9.30 NO0VZ04 0.0
CS0PG01 19-81 CS0PK03 22.45 NO0BZ01 18.23
CS0PG02 6,89 CS0PK04 4. 39 NO0BZ02 2.49
CS0PG03 14.42 CS0VN01 37.97 NO0BZ03 11.05
csopGOa 5.05 CS0VN02 9.91 NO0UR01 20. 11
CSOITOI 21.44 CS0VN03 23.41 NO0UR02 2.84
CS0IT02 6.81 CSOVN04 4.77 NO0OR03 11.96
CS0IT03 14.97 CS0PP01 36.38 NO0PU01 14.30
CS0IT04 4.58 CS0PP02 9.60 NO0PU02 1.76
CS0TK01 22, 89 CS0PP03 22. 64 NO0PD03 9. 17
CS0TKO2 6.80 CS0PP04 4.77 NO0PU04 0.01
CS0TK03 15.49 CS0HK01 36.40 NO0CL01 16.73
CS0TK04 4.23 CS0HK02 9.67 NO0CL02 2.22
CS0WR01 21.57 CS0HK03 22.69 NO0CL03 10.34
CS0MR02 6.81 CS0HK04 4.85 NO0CL04 0.03
CS0MR03 15.50 CS0JP01 31. 52 NOOSWOl 18.03
CSOHROU 4.75 CS0JP02 8.85 NO0SW02 3.41
CS0TD01 22.89 CS0JP03 19.92 NO0SM03 11.09
CS0TU02 6. 82 CS0JP04 4.77 NO0SW04 0.99
CS0UA01 22.76 CSOCNO 1 18. 52 NO0NW01 18. 18
CS0OA02 6.76 CS0CN02 8.70 NO0NW02 3.45
CS0UA03 15.42 CS0CNO3 14. 64 NO0NW03 11.16
CSOUA04 4.21 CS0CN04 7.39 NO0NH04 1.00
CS0IS01 23. 12 CSOAGO 1 24.39 NO0FN01 18.88
CS0IS02 6.82 CSOAG02 6.33 NOOFN02 3.27
CS0IS03 15.58 CSOAUO 1 29.82 NO0FN03 11.30
CS0IS04 4.21 CSOA002 8.69 NO0FN04 0.62
CS0SN01 20.93 CS0AU03 18.72 NO0DN01 18.62
CS0SN02 6.34 CS0AU04 4.77 NO0DN02 3.57
CSOSN03 14.96 NOOMXO1 9.96 NO0DN03 11.40
CS0SN04 4.32 NO0MX02 1.07 NO0DN04 1.05
CSONG01 23.41 NOO MX0 3 7. 16 NO0UK01 16.96
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Table 29. (Continued)
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
NO0UK02 3.46 NO0MR02 3.00 Noociol' *16.62
NO0UK03 10.71 NO0MR03 12.20 HO0CN02 5.08
NOOUKOU 1.29 NO0MR04 0.62 NOOCN03 11.64
NO0IR01 16. 54 NO0TU01 20.67 NO0CN04 3.36
NO0IR02 3, 40 NO0TU02 3.08 MO0AG01 21.43
NO0IB03 10, 54 NO0UA01 20.70 NO0AG02 2.31
NO0IR04 1.31 NO0UA02 3.08 NOOA001 26. 14
NOONHOl 16. 17 NO0UA03 12,32 NO0AU02 4.39
NO0NH02 3.36 NO0UA04 0. 15 NO0AO03 14.64
NO0NH03 9.90 NO0IS01 20.76 NO0AU04 0.33
NO0NH04 1. 17 NO0IS02 3.02 GVOMX01 8.68
NO0BL01 16. 03 NO0IS03 12.31 GV0HX02 0.56
NO0BL02 3.32 NO0IS04 0.07 GV0MX03 6.84
NO0BL03 9.82 NO0SN01 18.27 GV0PA01 10.34
NO0BL04 1.14 NO0SN02 2. 43 GV0PA02 0.87
NOOFHOl 17.31 NO0SN03 11.52 GV0PA03 7.63
NO0FR02 3. 03 NO0SN04 0.12 GV0JM01 9.89
NO0FR03 10.58 NOONGO1 20.45 GV0JM02 0.80
NO0FR04 0.67 NO0NG02 2.31 GV0JM03 7.41
NO0WG01 16.36 NOOSAO1 22. 27 GV0JM04 0.0
NO0WG02 3.29 NO0SA02 3.25 GV0TR01 11.77
NO0WG03 9.93 NO0SA03 13. 00 GV0TR02 1. 16
NOOWGOa 1.03 NO0KN01 28.77 GV0TR03 8.33
NO0EG01 18.06 NO0KN02 4.30 GV0TR04 0.02
NO0EG02 3.29 NO0KN03 16.50 GV0VZ01 to. 82
NO0PO01 19.97 NO0ID01 32.78 GV0VZ02 0. 96
NO0PO02 3.29 NO0ID02 5.05 GV0VZO3 7.87
NO0PO03 12. 19 NO0ID03 18.42 GV0BZ01 17. 80
NO0PO04 0.58 NO0PK01 32.90 GV0BZ02 2.30
NO0SI01 18.71 NO0PK02 5.07 GV0BZO3 11.25
NO0SI02 3. 08 NOaPK03 18.49 GV0BZ04 0.04
NO0SI03 11.60 NOOVNO 1 32.91 GV0OR01 20.05
NOOSIOU 0.63 NO0VN02 5.09 GV0UR02 2.78
NO0PG01 17.57 NO0VN03 18.50 GV0GR03 12.36
NO0PG02 3.13 NO0VN04 0.02 GV0UR04 0.11
NO0PG03 11.22 NOOPPO1 31.31 GV0PD01 13.67
NO0PG04 0.94 NO0PP02 4. 80 GV0PU02 1.50
NO0IT01 19,12 NO0PP03 17.73 GVOPU03 9.23
NO0IT02 3.03 NO0PP04 0.02 GV0CL01 16. 10
NO0IT03 11.72 NOOHKO 1 31.29 GVOCL02 1.96
NO0IT04 0.47 NO0RK02 4.84 GV0CL03 10.40
NO0TK01 20.68 NO0HK03 17.75 GV0SW01 17, 20
NO0TK02 3. 06 NO0HK04 0.08 GV0SW02 3.07
NO0TK03 12.30 NOOJPO1 26. 42 GV0SW03 11.03
NOOTKOU 0. 13 NO0JP02 4.02 GV0SW04 0.93
NO0MR01 19. 17 NO0JP03 14,99 GV0NW01 16.99
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'able 29. (Continued)
Coded Oppor, Coded Oppor. Coded Oppor
route Cost route Cost route Cost
GV0NWO2 2. 98 GV0PG02 2. 95 GV0PK04 0, 03
GVONW03 10. 90 GV0PG03 11. 42 GV0VN01 32. 28
GV0NW04 0. 85 GV0PG04 0, 98 GV0VN02 4. 83
GV0FS01 17. 64 GV0IT01 18. 80 GVOVN03 18. 57
GV0FN02 2. 78 GV0IT02 2. 88 GV0PP01 30. 67
GV0FN03 11. 01 GV0IT03 11 - 98 GV0PP02 4. 52
GVOFNOa 0. 46 GV0IT04 0. 52 GV0PP03 17. 80
GV0DN01 17. 36 GVOTKO1 20. 22 GV0HK01 30. 39
GV0DN02 3. 07 GV0TK02 2. 85 GV0HK02 4. 48
GV0DN03 11. 09 GVOTK03 12. 47 GV0HK03 17, 66
GV0DN04 0. 88 GV0TK04 0. 16 GV0JP01 25. 84
GV0UK01 16. 39 GV0MR01 18. 82 GV0JP02 3. 78
GV0UK02 3. 21 GVOHR02 2. 84 GV0JP03 15, 09
GV0aK03 10. 82 GV0ME03 12. 44 GV0CN01 16. 22
GV0UK04 1, 28 GV0MR04 0. 66 GV0CN02 4. 90
GV0IH01 16. 14 GV0TU01 20. 25 GV0CN03 11. 85
GV0IR02 3. 22 GV0T002 2. 88 GV0CN04 3. 40
GV0IR03 10. 74 GVOUAO 1 20. 28 GV0AG01 21. 52
GV0IR04 1. 35 GVOUA02 2. 88 GV0AG02 2. 31
GV0NH01 15. 62 GV0UA03 12. 51 GVOAOOI 24. 14
GV0NH02 3. 13 GV0UR04 0. 19 GV0AU02 3. 62
GV0NH03 10. 02 GVOISO1 20. 41 GV0AD03 13. 90
GV0NH04 1. 18 GV0IS02 2. 86 LA0MX01 28, 11
GV0BL01 15. 64 GV0IS03 12. 55 LA0MX02 12, 15
GV0BL0 2 3. 14 GV0IS04 0. 12 LA0MX03 21. 27
GV0BL03 10. 03 GVOSNO1 17. 86 LA0MX04 9. 81
GVOBLOU 1. 18 GV0SN02 2. 25 LA0PA01 24. 22
GV0FR01 17. 00 GV0SN03 11. 71 LA0PA02 10, 39
GV0FH02 2. 88 GV0SN04 0. 16 LA0PA03 18, 73
GV0FR03 10. 84 GVONGO1 20. 54 LA0PA04 8. 53
GV0FR04 0. 74 GV0NG02 2. 31 LA0JM01 25. 73
GV0WG01 16. 04 GV0SA01 21. 83 LA0JM02 11. 05
GV0WG02 3. 14 GV0SA02 3. 05 LA0JM03 19. 70
GV0WG03 10. 19 GV0SA03 13. 18 LA0JH04 8. 99
GVOWGOa 1. 09 GV0SA04 0. 03 LA0TR01 26. 70
GV0EG01 17. 75 GV0KN01 28. 32 LA0TR02 11. 08
GV0EG02 3. 14 GV0KN02 4. 11 LA0TR03 20, 07
GVOP001 19. 57 GVOKN03 16. 68 LA0TR04 8. 80
GVOP002 3. 10 GV0KN04 0. 03 LA0VZ01 26. 16
GVOP003 12, 39 GVOIDO 1 32. 34 LA0VZ02 11, 02
GV0PO04 0. 62 GV0ID02 4. 85 LA0VZ03 19, 84
GVOSIOI 18, 28 GV0ID03 18, 61 LA0VZ04 8, 86
GV0SI02 2. 90 GV0ID04 0. 02 LA0VZ05 15, 62
GV0SI03 11. 80 GV0PK01 32. 46 LAOVZ06 7. 44
GV0SI04 0. 66 GVOPK0 2 4. 88 LAOBZOI 32. 93
GV0PG01 17. 16 GV0PK03 18. 67 LA0BZ02 12. 29
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Table 29. (Continued)
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
LA0BZ03 23. 10 LAONH03 22. 94 1AOTK05' 17. 95
LA0BZ04 8. 86 LA0NH04 10. 40 LA0TK06 6. 73
LA0BZ05 16. 87 LA0NH05 16. 82 LA0MR01 35. 23
L&0BZ06 6. 67 LA0NH06 8. 21 LA0MR02 13. 30
LAOUR01 33. 69 LAOBLO1 32. 26 LA0MR03 25. 06
LA0UR02 12. 22 LAOBL02 13. 68 LA0MR04 9. 78
IA0UR03 23. 32 LA0BL03 22. 79 LA0MR05 18. 52
LA0UR04 8. 59 LA0BL04 10. 34 LA0MR06 7. 50
LA0PU01 24. 09 LA0EL05 16. 72 LA0TU01 36. 77
LA0PU02 9. 72 LAOBL06 8. 16 LA0TU02 13. 40
LA0PU03 18. 26 LA0FR01 33. 54 LA0DA01 36. 72
LA0PU04 7. 74 LA0FR02 13. 38 LA0DA02 13. 36
LAOCL01 26. 25 LAOFR03 23. 54 LA0UA03 25. 16
LA0CL02 10. 08 LA0FR04 9. 88 LA0UA04 9. 31
LA0CL03 19. 27 LAOHGO 1 32. 94 LAOIS01 36. 83
LA0CL04 7. 68 LA0WG02 13. 79 LA0IS02 13. 33
1A0CL05 14. 67 LA0WG03 23. 10 LA0IS03 25, 18
LA0CL06 6. 10 LA0HG04 10. 32 LA0TS04 9. 24
LA0SW01 34. 21 LA0WG05 16. 83 LA0IS05 17. 90
LA0SW02 13. 76 LA0WG06 8. 06 LA0IS06 6. 66
LA0SW03 24. 02 LA0EG01 34. 64 LAOSNOI 33. 51
LA0SW04 10. 18 LA0EG02 13. 79 LA0SN02 12. 43
LAONWOI 33. 59 LAO POO 1 36. 95 LA0SN03 23. 88
LA0NW02 13. 51 LAOP002 13. 93 LA0SN04 9. 09
LA0NW03 23. 63 LAOP003 25. 60 LA0NG01 35. 29
LA0NW04 10. 01 LAOP004 9. 95 LA0NG02 12. 16
LA0FN01 34. 59 LAOSIO1 34. 82 LA0SA01 31. 83
LAOFN02 13. 44 LA0SI02 13. 40 LA0SA02 11. 11
LA0FN03 23. 95 LA0SI03 24. 49 LA0SA03 21. 95
LAOFNOU 9. 70 LA0SI04 9. 80 LA0SA04 7. 66
LA0DN01 34. 36 LA0PG01 33. 92 LA0SA05 15. 69
LA0DN02 13. 75 LA0PG02 13. 55 LA0SAO6 5. 47
LA0DN03 24. 06 LA0PG03 24. 26 LA0KN01 41. 91
tAODNOU 10. 14 LA0PGO4 10. 18 LA0KN02 13. 51
LAOUKO 1 33. 44 LA0PG05 18. 13 LA0KN03 27. 61
tA0UK02 13. 91 LA0PG06 8, 03 LA0KN04 8. 49
LA0UK03 23. 84 LA0IT01 35. 33 LA0ID01 37. 28
LA0UK04 10. 54 LA0IT02 13. 39 LA0ID02 11. 02
LA0OK05 17. 86 LA0IT03 24. 67 LA0ID03 24. 35
IA0UK06 8. 43 LAOIT04 9. 66 LA0ID04 6. 49
LA0IR01 33. 36 LA0IT05 17. 96 LA0PK01 38. 35
LA0IR02 13. 98 LA0IT06 7. 30 LA0PK02 11. 40
LA0IR03 23. 86 LA0TK01 36. 80 LA0PK03 24. 97
1A0IR04 10. 65 LA0TK02 13. 38 LA0PK04 6. 72
LA0NH01 32. 52 LA0TK03 25. 19 LA0VN01 28. 74
LA0NH02 13. 78 LA0TK04 9. 31 LA0VN02 7. 81
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Table 29. (Cpptinued)
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
IA0VN03 19. 21 SL0VZ03 17. 65 "SLOIRO 1~ 32. 09
LAOVNOU a. 52 SL0VZ04 6. 56 SL0IRO2 12. 02
IR0PP01 28. 36 SL0VZ05 12. 75 SL0IE03 21. 66
LA0PP02 7, 97 SL0VZ06 4. 84 SL0IR04 8. 35
LA0PP03 19, 17 SL0BZ01 31. 65 SL0NH01 31. 24
LAOPPOa 4. 79 SL0BZ02 10. 32 SL0NH02 11. 82
LA0HK01 27. 24 SL0BZ03 20, 90 SL0NH03 20, 75
LA0HKO2 7. 61 SL0BZ04 6. 55 SL0NH04 8- 09
LA0HK03 18- 54 SLOBZ05 13, 98 SL0NH05 13, 94
LAOHKOa 4. 62 SLOBZ06 4. 07 SL0NH06 5. 61
LA0JP01 24. 44 SLOURO 1 31, 49 SL0BL01 31. 01
LAOJP02 7. 57 SLOOR02 9. 90 SL0BL02 11. 73
LA0JP03 17. 01 SL0UH03 20. 58 SL0BL03 20. 61
LA0JP04 5. 01 SL0UR04 6, 07 SL0BL04 8. 04
LA0JP05 12. 17 SLOP001 22, 85 SL0BL05 13. 85
LA0JP06 3. 34 SLOP002 7. 77 SL0BL06 5. 57
LA0CN01 31. 59 SL0PU03 16. 09 SL0FR01 32. 26
LA0CN02 14. 98 SLOPD04 5. 43 SL0FR02 11. 42
LAOCN03 23. 85 SLOCLO 1 25. 00 SL0FR03 21. 35
IA0CN04 12. 28 SLOCL02 8. 12 SL0FR04 7. 56
LAOAG01 36. 27 SL0CL03 17. 10 SL0WG01 31. 66
LA0AG02 12. 15 SL0CL04 5. 37 SL0WG02 11. 83
LAOAUOI 25. 71 SL0CL05 11, 80 SLOWG03 20- 91
LAOAU02 8. 53 SL0CL06 3. 52 SL0WG04 8. 00
LA0AD03 17. 61 SL0SW01 32. 94 SL0WG05 13. 94
LA0AU04 5, 70 SL0SW02 11, 80 SL0WG06 5. 47
IAOA005 12, 48 SLOSW03 21. 82 SL0EG01 34. 36
LA0AU06 3. 90 SL0SW04 7. 87 SL0EG02 12. 20
SLOMXO1 26. 86 SLONWO1 32. 44 SLOP001 35. 23
SL0MX02 10. 20 SLO NW0 2 11, 59 SLOP002 11. 80
SL0MX03 19. 09 SL0NW03 21. 52 SLOP003 23. 14
SLOMXOU 7, 50 SL0NW04 7. 73 SL0PO04 7. 54
SL0PA01 22- 93 SL0FN01 33. 31 SL0SI01 33. 56
SL0PA02 8. 42 SL0FN02 11, 48 SL0SI02 11. 46
SL0PA03 16, 54 SL0FN03 21 . 76 SL0SI03 22. 32
SL0PA04 6. 22 SL0FN04 7, 39 SL0SI04 7. 50
SL0JM01 24. 46 SL0DN01 33. 11 SL0PG01 32. 64
SL0JM02 9. 08 SL0DN02 11. 80 SL0PG02 11. 58
SL0JM03 17. 51 SL0DN03 21. 88 SL0PG03 22. 06
SL0JM04 6. 68 SL0DN04 7- 83 SL0PG04 7. 87
SL0TR01 25. 42 SL0UK01 32, 16 SL0PG05 15. 24
SL0TR02 9, 11 SL0UK02 11. 94 SL0PG06 5, 44
SL0TE03 17. 88 SL0UK03 21 . 64 5L0IT01 34, 05
SL0TR04 6. 49 SL0DK04 8. 24 SL0ITO2 11. 43
SL0VZ01 24. 89 SL0UK05 14, 98 SL0IT03 22. 47






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 30. Opportunity Cost: model objective function ,3





route Cost route Cost
2.89 IN1WI6 2.04
SPOSLO 12.03 0H1MC3 2. 23 IN1WI7 4.02
SPOSEO 1.87 0H10H3 0.48 IN2PH0 0.41
SPOPFO 3.22 OH10H9 0.96 IN2NOO 3.47
SPOMTO 4.51 0H1IN8 3.50 IN2CH0 2. 39
MC5PH0 1,12 OH2PHO 0. 39 IN2TO0 2.06
MC5CH0 4, 15 OH2TOO 2.99 IN2MC2 1.86
HC5TOO 3. 14 OH2APO 1.36 IN2IN8 2.02
HC5MC1 2.74 OH2SEO 3. 52 IN2HI6 2.74
ric5nc2 0.64 OH2MC3 3.53 IN3PH0 0.39
MC5WI3 3.47 0H20H9 1.60 IN3CH0 3. 16
MC5WI5 4.77 OH4PHO 0.14 IN3TO0 2.55
MC5WI6 3. 11 OH4CHO 4.41 IN3MC2 2.47
MC6PH0 1. 18 OH4TO0 2.72 IN3MC3 1.95
HC6TO0 3.36 OH4APO 0.06 IN30H3 0.45
MC6MC2 3.26 OH4SEO 1 .44 IN30H9 0.76
MC6MC3 1.18 OH4DLO 6.49 IN3IN8 2.60
HC60H3 1.71 0H40H3 0.39 IN4PH0 0.63
MC7PH0 0.78 0H40H9 0.31 IN4NOO 3.22
MC7CH0 3.06 OH4IN0 2.79 IN4CH0 2.50
HC7TOO 2.31 OH5TO0 3.44 IN4TOO 2. 60
MC7MC2 1.19 OH5APO 0.02 IN4NE0 0.44
nc7ric3 0.75 OH5SEO 1.89 IN4SE0 0.25
MC7WI3 2.82 OH5DLO 7.57 IN4DL0 3.81
HC7WI5 3.83 0H50H3 1.28 IN4IN8 0.66
MC7WI6 2.26 OH5IN8 3.86 IN4M06 2.81
HC8PH0 0.83 OH7TOO 3.92 IN5PH0 0.68
MC8CH0 3. 64 OH7NEO 0.98 IN5NOO 3.51
HC8TOO 2.97 OH7SEO 0.97 IN5CH0 3. 04
MC8MC2 1.75 OH7DL0 6.24 IN5TOO 2.86
MC8MC3 1.32 0H70H3 1.49 IN5NE0 0.57
MC80H3 0.94 0H70H9 0.93 IN5SE0 0.45
MC8WI5 4.94 OH7IN8 3.29 IN5DL0 4.53
MC8WI6 3.33 OH8PHO 0.90 IN50H9 0.77
KC9PH0 0.71 OH8TOO 5.07 IN5IN8 0.80
MC9CH0 4.92 OH8NEO 1.22 IN6PH0 0.38
MC9TO0 1.68 OH8SEO 1.66 IN6NOO 3.20
KC9MC2 2.84 OHSDLO 7.82 IN6CH0 3.29
KC9HC3 2. 29 0H80H3 2.07 IN6TOO 2,52
MC90H3 0.81 0H80H9 1.48 IN6NE0 0.22
MC90H9 1.76 OH8IN8 4.31 IN6SE0 0.85
OH1PHO 0.44 IN1PH0 0.40 IN6DL0 5.28
OH1CHO 4.09 IN1NOO 1 .85 IN60H3 0.60
OH1TOO 1 .82 IN1CH0 0.77 IN60H9 0.51
CHUPO 0.92 IN1TOO 2.05 IN6IN8 2.38
OH1SE0 2.42 IN1IN8 1. 13 IN7PH0 1.71
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Table 30. (Contin
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
IN7NOO 1.93 IL2AP0 0. 89 ' IL7AP0 ^0.57
IN7CH0 a.00 IL2SS0 1.17 IL7DL0 2.54
TN7NE0 1.80 IL2DL0 3.72 IL7IN8 1.50
IN7AP0 0.37 IL2WI3 1.67 IL7M05 2.70
IN7DL0 3.63 IL2WI5 2.29 IL7M06 2.33
IN7M06 3.13 IL2WI6 1 .37 IL8NOO 1.66
IH9PH0 2. 53 IL2WI7 2.74 IL8CH0 4. 14
IN9NOO 1.2U IL3PH0 1 . 59 IL8NE0 2.81
IN9NE0 2.70 IL3CH0 1.39 IL8AP0 1.15
IN9AP0 0.88 IL3NE0 1.22 IL8DL0 1.85
IN9DL0 3. 17 IL3AP0 0.85 IL8IN8 1.61
IN9IN8 1.60 IL3SE0 0.30 IL8M05 2.45
IN9M06 2.97 IL3DL0 1.60 IL8M06 1.31
HI8NOO 1.16 IL3WI7 2.52 IL8M08 1. 11
HI8CH0 0.53 IL3M05 0.74 IL9NOO 1.88
BI8WI1 2.19 IL4PH0 0.84 IL9CH0 4.36
WI8WI2 0.72 IL4CH0 1.72 IL9NE0 2. 68
WI8WI3 0.30 ILUNEO 0.51 IL9AP0 0.97
WI8WIU 1.64 IL4AP0 0.20 IL9DL0 2.58
WI8WI6 0,0 IL4DL0 2.23 IL9IN8 1.89
WI8WI7 0.24 IL4IN8 0.58 IL9M05 3.37
WI9NOO 2.27 IL4WI7 2.96 IL9H06 2.74
WI9CH0 1.42 IL4M05 1.75 IL9M08 1.96
WI9NE0 0.74 IL4M06 0.88 MN4PH0 3. 54
WI9MC1 1.33 I15PH0 0.58 MN4NOO 1.76
WI9HC2 0.87 IL5NOO 0.93 MN4GV0 9.00
WI9nC3 0.96 IL5CH0 0.96 MN4LA0 3.74
HI9WT2 2. 47 IL5NE0 0.28 MN4SL0 6. 13
WI9WI3 1. 17 IL5DL0 2.77 MN4NE0 2,32
WI9WI4 3.77 IL5IN8 0.49 MN4WI1 0.33
WI9WI5 2.07 IL5WI7 3.52 HN4MN1 0.75
WI9WI7 3.46 IL5H06 1. 52 HNSPHO 3.35
IL1PH0 0. 60 IL6PH0 1.79 MN5NOO 0.29
IL1CH0 0.03 IL6CS0 0. 10 MN5GV0 9.77
ILIAPO 0.49 IL6NO0 0.64 MN5LA0 5.49
IL1SE0 0.58 IL6CH0 2.26 MN5SL0 7.99
IL1DL0 2.64 IL6NE0 1.62 MN5NE0 2. 12
IL1WI2 1. 52 IL6APO 0.71 MN5AP0 3.98
IL1WI3 0.60 IL6DL0 1.69 MN5SE0 4. \0
IL1WI4 2.42 IL6IN8 0.97 MNStfll 0.81
IL1WI5 1.40 IL6M05 1.31 MN5WI2 0.86
IL1WI6 0.16 rL6M06 0. 53 MN5WI4 1. 15
IL1WI7 1.70 IL6M08 0.75 MN5HN1 1.60
IL2PH0 0.97 IL7NO0 2. 44 MN5MN2 1.29
IL2NO0 0.33 IL7CH0 2.91 MN7PH0 2.50
IL2NE0 0.41 IL7NE0 1.69 MN7NOO 0.64
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Table 30> (Continued)
Coded Cppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
P5N7GV0 6,9a IA2DU0 0.68 IA7GV0 5. 27
MN7LA0 2-48 IA2CH0 1.12 IA7CH0 2.34
HN7SL0 5.84 IA2NE0 0.77 IA7AP0 2. 10
MN7NE0 1.52 IA2AP0 1 .64 IA7SE0 1.10
MN7AP0 2,58 IA2SE0 1.41 IA7DL0 0.65
MN7SE0 2.20 IA2DL0 2.09 IA7M05 0.07
MN7Wia 0.47 IA2WI1 0.36 IA8CS0 0.95
MN7NB2 1.40 IA2WI4 0.16 IA8GV0 5.90
MN8PH0 2,52 IA2WI5 0.51 IA8CH0 1.72
MN8GV0 8.14 IA2WI7 0.91 IA8AP0 1.53
MN8LA0 4.64 IA3GV0 7.86 IA8SE0 0,75
MN8SL0 7.92 IA3CH0 1.10 IA8DL0 0.94
MN8DU0 0.36 IA3AP0 1.67 IA8WI7 1.70
MN8NE0 1.51 IA3SE0 1.61 IA8M06 0.25
MN8AP0 2.77 IA3DL0 2.76 IA9GV0 6.77
MN8SE0 2.64 IA3WI1 1.20 IA9CH0 1.67
MN8WI1 0. 18 IA3WI2 0.35 IA9AP0 1. 50
HN8WI2 0.35 IA3WI4 0.81 IA9SE0 0.90
MN8WI4 0.46 IA3WI5 0.62 IA9DL0 1.65
MN8WI7 1.20 IA3WI7 0. 23 IA9WI7 1.99
MN9PH0 2.63 IA4PH0 2.03 IA9M05 0.75
MN9CS0 2.86 IA4DD0 1.31 IA9M06 0.56
MN9GV0 9. 15 IA4CH0 1 .47 MO1GV0 5. 52
HN9LA0 6.46 IA4NE0 1.35 MO1CH0 3. 17
MN9SL0 9.81 IA4AP0 1 .62 MO1NE0 3.10
MN9DU0 1.20 IA4SE0 0.92 HO1AP0 2.49
HN9NE0 1.62 IA4DL0 0.85 MO1SE0 1.32
riN9AP0 2.98 IA5GV0 5,76 MO1DL0 0,80
MN9SE0 3.04 IA5CH0 0.40 M01H05 0.25
HN9WI1 1.09 IA5AP0 0,64 M01M06 0.81
MN9WI2 0.55 IA5SE0 0.18 M01H07 0.89
MN9WI3 0.45 IA5DL0 0,75 M02HOO 0,95
MN9WT4 0.81 IA5WI4 0.44 KO2GV0 5.90
MN9WI5 1.26 IA6PH0 1,78 MO2CH0 2.87
MN9WI6 0.71 IA6GV0 7.45 f1O2NE0 2.72
MN9WI7 1.35 IA6DU0 2.77 MO2AP0 1.98
IA1NO0 0.28 IA6CH0 1,22 riO2SE0 0.89
IA1GV0 5.97 IA6NE0 1. 13 HO2DL0 0.88
IA1CH0 1. 18 IA6AP0 1 .54 M02M06 0.34
lAlNEO 0.84 IA6SE0 1.26 M02M07 1,35
IA1AP0 1.60 IA6DL0 2.32 HO3CS0 1.10
IA1SE0 1.13 IA6WI2 1.40 MO3GV0 6. 59
IA1DL0 1.25 IA6WI4 1.85 riO3CH0 2. 87
IA2PH0 1.63 IA6WI5 1 .42 MO3NE0 2.61
IA2CS0 1.38 IA6WI6 0.71 E3O3AP0 1,81
IA2GV0 7.06 IA6WI7 1.61 MO3SE0 0.86
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Table 30. (Continued)
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
MO3DL0 1.42 SD3SE0 3.71 NB4SD4 2.75
M03J105 0.28 SD3SD1 1,06 NB4NB1 0. 15
H03M06 0,61 SD6PH0 2.69 NB4NB2 2.61
M03M08 0.44 SD6NOO 0. 19 NB5PH0 5. 35
MOaNOO 2.21 SD6GV0 6.48 NB5NOO 3.81
HOUGVO 5.45 SD6LA0 1.29 NB5GV0 6,07
M04NEO 4.42 SD6SL0 4.63 NB5LA0 0.92
M04APO 3.07 SD6NE0 1.72 NB5SL0 6. 10
MO4SE0 1. 50 SD6AP0 2.71 NB5CH0 4.81
MO4DL0 0.62 SD6SE0 2,20 NB5NE0 4.73
M04M05 0.65 SD6SD1 0.54 NB5AP0 4.60
M04M06 1.35 SD6SD4 0,31 NB5SE0 3.39
M04n07 0,97 SD6NB2 0.23 NB5MT0 0,03
M09CSO 0.45 SD8SD1 1.60 NB5NB2 1. 29
M09NOO 1.37 SD8SD4 1.38 NB6PH0 3, 15
HO9GV0 6.61 SD9PH0 3.23 NB6NOO 0,47
MO9AP0 1.71 SD9GV0 6.00 NB6GV0 4. 74
HO9DL0 1.51 SD9LA0 0,86 NB6LA0 0.87
H09IN8 2.72 SD9SL0 4.81 NB6SL0 5. 95
M09M05 3.34 SD9DU0 1.03 NB6CH0 2.62
M09M06 3,13 SD9NE0 2.38 NB6NE0 2.55
M09M08 1. 43 SD9AP0 2,97 NB6AP0 2.44
ND9NE0 3.74 SD9SE0 2.21 NB6SE0 1.35
ND9AP0 5.55 SD9SD4 0,33 NB6NB2 0.59
ND9SE0 5.37 SD9NB2 0,52 NB7PH0 6. 09
ND9MN2 0.49 NB3PH0 3.42 NB7NOO 5,06
ND9SD1 1.05 NB3GV0 5.51 NB7GV0 5,90
ND9SD4 1.67 NB3LA0 1 .06 NB7LA0 0.82
SD2PH0 4.45 NB3SL0 5.68 NB7SL0 6.60
SD2NO0 4.58 NB3CH0 2.86 NB7CH0 5.62
SD2GV0 8.33 NB3NE0 2.72 NB7NE0 5,57
SD2LA0 1.33 NB3AP0 2.91 NB7AP0 5. 14
SD2SL0 3.65 NB3SE0 1.96 NB7SE0 3.73
SD2DU0 0.89 NB3DL0 1.25 NB7DL0 2.32
SD2NE0 3.28 NB3HT0 0. 16 NB7PF0 0.11
SD2AP0 4.71 NB3NB2 0,33 NB7NB1 0.45
SD2SE0 4.31 NB4PH0 7.68 NB7NB2 2. 18
SD2NB2 1 .08 NB4NOO 7.42 NB8PH0 3.28
SD3PH0 3.62 NB4GV0 7.57 NB8NOO 0.50
SD3NOO 2,28 NB4LA0 0,98 NB8GV0 4.21
SD3GV0 8.33 NB4SL0 6.30 NB8LA0 1.19
SD3LA0 2.56 NB4CH0 7. 14 NB8SL0 6.87
SD3SL0 5.08 NB4NE0 7,05 NB8CH0 2.86
SD3DU0 0.18 NB4AP0 6,89 NB8NE0 2,81
SD3NE0 2.46 NB4SE0 5.56 NB8AP0 2,32
SD3AP0 3.96 NB4MT0 0.08 NB8SE0 1.04
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Table 30. (Continued^
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Qost route Cost
NB8PF0 0.56 'kA5SE0 1.70 KA9MT0 3. 79"
NB8MT0 o.uu KA5DL0 0.02 KA9H05 1.21
NE8NB2 1,61 KA5PF0 0.12 KA9M07 0.22
KA1PH0 8.33 KA6PH0 4.60 DUOMXOI 18.28
KA1NOO 7.73 KA6CS0 2,07 DU0MX02 2.86
KA1GV0 6.66 KA6NOO 0,81 DUOPAOl 17.25
KA1NE0 7.88 KA6GV0 4.73 DU0PA02 2, 19
KA1APO 7.16 KA6LA0 3.88 DOOJMO 1 16, 16
KA1SE0 5,50 KA6SL0 10,46 DO0JM02 1.89
KA1DL0 3.74 KA6NE0 4.39 DU0TR01 16.07
KA1PF0 0.15 KA6AP0 3.19 DUOTP02 1. 52
KA1NB1 1.43 KA6SE0 1, 58 DUOVZO 1 16. 39
KA1NB2 3.89 KA6DL0 0.33 DU0VZ02 1.80
KA2PH0 3.98 KA6PF0 3.68 DUOBZ01 20. 35
KA2NOO 1.12 KA6MT0 3.54 DU0BZ02 2.00
KA2GV0 4.05 KA6H05 0.76 DU0UR01 22.25
KA2NE0 3.56 KA6M07 0.87 DUOUR02 2.35
KA2AP0 2.90 KA7PH0 6. 97 DUOPUO 1 19.73
KA2SE0 1. 46 KA7NOO 5,68 DUOP002 2.51
KA2DL0 0.14 KA7GV0 4. 16 DD0CL01 21. 30
KA2PF0 0. 15 KA7SL0 7,61 DU0CL02 2.63
KA2NB2 1.68 KA7NE0 6,73 DU0SW01 14.50
KA3PH0 3,77 KA7AP0 5,44 DU0SW02 0.18
KA3GV0 4.47 KA7SE0 3.50 DU0NW01 14.62
KA3NE0 3,44 KA7DL0 1.52 DU0NH02 0.25
KA3AP0 2.60 KA7HT0 0.09 DU0FN01 16. 17
KA3SE0 1.18 KA8PH0 5.42 Da0FN02 0.64
KA3DL0 0.11 KA8NOO 4. 28 DU0DN01 14.71
KA3PF0 2,29 KA8GV0 3.21 DU0DN02 0.23
KA3MT0 2, 14 KA8LA0 0.86 DU0UKO1 13. 15
KA3M05 0. 16 KA8SL0 8.29 DU0IP01 12.88
KAUPHO 8.10 KABNEO 5.24 DU0NH01 12.56
KA4NOO 1.22 KA8APO 3,83 DUOBLO1 12.59
KA4GV0 5.68 KABSEO 1,90 DU0BL02 0.03
KA4LA0 0,25 KA8PF0 0,89 DO0FR01 15.11
KAUSLO 7.47 KA8MT0 0.90 DU0FR02 0.50
KAaNEO 7,76 KA9PH0 5,08 DU0WG01 13.11
KA4AP0 6.74 KA9NOO 2,35 DUOHG02 0.14
KA4SE0 4.91 KA9GV0 4.20 DU0EG01 14.67
KA4DL0 3.01 KA9LA0 3.85 DDOP001 17.20
KA4PF0 0.03 KA9SL0 10.95 DUOP002 0.59
KA5PH0 4.76 KA9NE0 4.98 DU0SI01 16.43
KA5NOO 2.59 KA9AP0 3,45 DU0SI02 0.54
KA5GV0 3, 51 KA9SE0 1,61 DU0PG01 14.82
KA5NE0 4.46 KA9DL0 0,02 DO0PG02 0,23

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
TO0FN01 15. 18 TO0PK02 4. 25 PHOPU04 5. 72
TO0FN02 0. 64 TO0VN01 37. 15 PH0CL01 23. 46
TOODNOl 13. 73 TO0VN02 5. 75 PH0CL02 8. 10
TO0DN02 0. 23 TO0PP01 35. 75 PH0CL03 16. 52
TO0UK01 12. 16 TO0PP02 5. 53 PH0CL04 5. 71
TO0UK02 0, 01 TO0HK01 35, 38 PH0SW01 19. 25
TO0IR01 11 . 89 TO0HK02 5. 42 PH0SW02 6. 63
TO0IR02 0. 01 TO0JP01 30. 84 PH0SH03 13. 58
TO0NH01 11. 58 TO0JP02 4- 77 PH0SH04 4. 66
TO0BL01 11. 60 TOOCNO1 7. 47 PH0NW01 19. 37
TO0BL02 0. 03 TO0CN02 0. 01 PH0NW02 6. 70
TOOFRO1 14. 12 TO0AG01 19. 68 PH0NW03 13. 66
TO0FR02 0. 50 TOO AG02 0. 0 PH0NW04 4. 71
TO0WG01 12. 12 TO0A001 29. 10 PH0FN01 20. 91
TO0WG02 0. 15 TO0AU02 4. 55 PH0FN02 7. 08
TOOEGO1 13. 69 PH0MX01 17. 91 PH0FN03 14. 47
TO0EG02 0. 01 PH0MX02 7. 39 PH0FN04 4. 83
TO0PO01 16. 22 PHOMX03 14. 06 PH0DN01 19. 94
TOOP002 0. 60 PH0MX04 6. 09 PH0DN02 6. 85
TO0SI01 15. 44 PHOPAO1 17. 73 PH0DN03 13. 97
TO0SI02 0. 55 PH0PA02 7. 04 PH0DN04 4. 77
TO0PG01 13. 84 PH0PA03 13, 77 . PH00K01 17. 31
TO0PG02 0. 23 PH0PA04 5. 72 PH0UK02 6. 23
TO0IT01 16. 12 PH0JM01 16. 64 PH0DK03 12. 62
TO0IT02 0. 70 PHOJM02 6. 73 PH0UK04 4. 62
TO0TK01 17. 96 PH0JM03 13. 19 PH0IR01 17. 74
TO0TK02 1. 04 PH0Jri04 5. 59 PH0IR02 6. 49
TOOMEOI 16. 12 PHOTRO 1 17. 33 PH0IR03 12. 94
TO0MR02 0. 56 PH0TR02 6, 65 PH0IR04 4. 85
TOOT001 16. 87 PH0TRO3 13. 38 PH0NH01 17. 14
TO0TU02 0. 0 PH0TR04 5. 33 PH0NH02 6. 38
TOODAOl 17. 91 PHOVZ01 17. 34 PH0NH03 12, 17
TOOUA02 1. 02 PH0VZ02 6. 81 PH0NH04 4. 65
TO0IS01 18. 20 PH0VZ03 13. 49 PH0BL01 16. 70
TO0IS02 1. 11 PH0VZ04 5. 52 PH0BL02 6. 23
TO0SN01 17. 22 PHOBZO 1 22. 71 PH0BL03 11. 93
TO0SN02 1. 05 PH0BZ02 1. 55 PH0BL04 4. 58
TO0NG01 1Q. 70 PH0BZ03 15. 89 PH0FR01 19. 02
TO0NG02 0. 0 PH0BZ04 5. 20 PH0FR02 6. 63
TO0SA01 22. 50 PHODRO1 24. 60 PH0FE03 13. 49
TO0SA02 2. 41 PH0UR02 7. 90 PH0FR04 4. 71
TOOKNOI 28. 99 PH0UR03 16. 81 PH0WG01 17. 24
TO0KN02 3. 47 PH0UR04 5. 19 PH0WG02 6. 35
TO0ID01 33. 00 PH0PU01 21. 05 PH0WG03 12. 20
TO0ID02 4. 21 PHOP002 7. 66 PH0WG04 4. 60
TO0PK01 33. 13 PH0POO3 15. 37 PH0EG01 18. 80
2 11 
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Coded Oppor . Coded Oppor . Coded Oppor . 
rou te Cost rout~ Cost route Cost 
- -pH 0 EGo2 ___ 6 :-2-1 ...-- pH 0 K NO 2 --9."29-- - -cs o:JM:o2- - --7:-32--
PH 0P00 1 2 1 . 95 PHOKN03 2 1 . 24 CSOJM03 13 . 56 
PHOP002 7 . 03 PHOKN0 4 5 .1 5 CSOJ M04 6 . 3 1 
PH0P003 15 . 30 PHOID0 1 37 . 08 CSOTR0 1 17 . 63 
PH0P00 4 4 . 7 4 PHOID02 10 . 0 4 CSOTR02 7 . 36 
PA0SI0 1 20 . 33 PHOID03 23 . 17 CSOTR03 13 . 94 
PH0SI02 6 . 67 PHOID0 4 5 .1 5 CSOTR0 4 6 . 12 
PH0SI03 14 . 48 PHOPK0 1 37. 2 1 CSO VZ0 1 17 . 84 
PHOSI0 4 4. 66 PHOPK02 10 . 06 CSO VZ02 7 . 59 
PHOPG0 1 19 . 05 PHOPK03 23 . 23 CSO VZ03 14 . 16 
PBOPG02 6 . 48 PHOPK0 4 5 . 15 CS0VZ04 6 . 36 
PHOPG03 13 . 89 PROVN0 1 39 . 64 CSOBZ0 1 23 . 36 
PHOPG0 4 4 . 72 PHOVN02 10 . 97 CSOBZ02 8 . 38 
PHOIT0 1 2 1 . 02 PRO VN03 24 . 70 CS0BZ03 1 6 . 66 
PROIT02 6 . 83 PHOVN04 5 . 71 CSOBZ04 6 . 07 
PHOIT03 1 4 . 83 PH0PP0 1 38 . 05 CSOUR0 1 25 . 30 
PHOIT04 4 .7 0 PHOPP02 10 . 68 CSOUR02 8 . 7 5 
PHOTK0 1 22 . 81 PHOPP03 23 . 93 CS0UR03 17 .60 
PHOTK02 7 . 15 PHOPP0 4 5 . 71 CS0UR04 6 . 08 
PHOTK03 15 . 68 PHOHK0 1 38 . 00 CSOP U0 1 21. 03 
PHOTK04 4 . 68 PHOHK02 10 . 69 CS0P U02 8 . 25 
PHOMR0 1 20 . 87 PHOHK03 23 . 92 CSOPU03 15 . 74 
PHOMR02 6 . 63 PH0HK0 4 5 . 73 CSOPU04 6 . 44 
PHOMR03 15 .1 3 PHO J P0 1 33 .1 7 CSOCL0 1 23 . 44 
PHOMR0 4 4 . 68 PHO J P02 9 . 92 CS0C L02 8 . 68 
PH0TU0 1 2 1. 82 PHO J P03 2 1. 20 CS0CL03 16 . 89 
PH0TU02 6 .1 5 PH0JP0 4 5 .71 CSOCL04 6 . 43 
PH0 UA0 1 22 . 77 PHOCN0 1 17 . 27 CSOSW0 1 20 . 94 
PHOUA02 7 .1 3 PHOCN02 7 . 97 CSOSW02 7 . 85 
PH0UA03 15 . 65 PHOCN03 13 . 72 CSOSW03 14 . 96 
PH0UA04 4 . 67 PHOCN04 6 . 76 CSOSW04 5 . 77 
PHOIS0 1 23 .1 1 PHOAG0 1 23 . 76 CS0NW0 1 2 1.11 
PHOIS02 7 . 23 PHOAG02 5.82 CSONW02 7 . 93 
PHOIS03 15 . 84 PHOAU0 1 3 1 . 42 CSONW03 15 . 08 
PH0IS0 4 4.72 PH0AU02 9 . 7 1 CS0NW0 4 5 . 84 
PHOSN0 1 2 1 . 39 PH0AU03 19 . 95 CS0FN0 1 22 . 3 4 
PHOSN02 6 . 90 PH0AU04 5 . 65 CSOFN02 8 . 20 
PHOSN03 15 . 49 CSOMX0 1 17.73 CSOFN03 15 . 7 0 
PHOSN04 4 . 90 CSOMX02 7 . 9 1 CSOFN0 4 5 . 89 
PH0NG0 1 22 . 7 8 CSOMX03 14.3 3 CSODN0 1 2 1. 14 
PHONG02 5 . 82 CS0MX0 4 6 . 77 CSODN02 7 . 88 
PHOSA0 1 26 . 58 CSOPA0 1 17.72 CSODN03 15 . 06 
PH0SA02 8 . 24 CS0PA02 7 . 62 CSODN04 5 . 78 
PHOSA03 17 . 74 CS0PA03 14 .1 4 CS0 UK0 1 19 . 17 
PHOSA0 4 5 .1 5 CSOPA0 4 6 .43 CS0UK02 7 . 52 
PROKN0 1 33 . 0 7 CSOJM0 1 16 . 64 CSOUK03 14 . 12 
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Table 30. (Cpntinued)
Coded Oppor, Coded Oppor. Coded Oppor
route Cost route Cost route Cost
CS0UK04 5. 77 CS0HR04 5. 81 CS0JP02 10. 53
CS0IR01 19. 32 CS0TU01 23. 40 CS0JP03 21. 60
CS0IR02 7. 67 CS0TU02 7. 33 CS0JP04 6. 45
CS0IR03 14. 27 CSOOAO 1 24. 29 CSOCNO1 19. 03
CSOIROU 5. 93 CS0UA02 8. 29 CS0CN02 9. 21
CS0NH01 18. 55 CS0UA03 16. 95 CS0CN03 15. 15
CS0NH02 7. 50 CS0DA04 5. 74 CS0CN04 7. 90
CS0NH03 13. 40 CS0IS01 24. 73 CS0AG01 24. 90
CS0NH04 5. 70 CS0IS02 8. 43 CS0AG02 6. 84
CS0EL01 18. 55 CS0IS03 17. 19 CS0AU01 31. 43
CS0BL02 7. 52 CS0IS04 5. 82 CS0AU02 10. 30
CS0BL03 13. 41 CS0SN01 22. 49 CS0AU03 20. 33
CSOBLOa 5. 72 CS0SN02 7. 90 CSOA004 6. 38
CS0FR01 20. 65 CS0SN03 16. 52 NO0MX01 9. a9
CS0FR02 7. 82 CS0SN04 5. 88 NO0MX02 1. 00
CS0FR03 14. 84 CS0NG01 23. 92 NO0MX03 7. 09
CS0FR04 5. 81 CSO NG02 6. 84 NO0MX04 0. 09
CSOWGO 1 19. 08 CS0SA01 27. 44 NO0PA01 10. 98
CS0WG02 7. 63 CS0SA02 9. 14 NO0PA02 1. 14
CS0WGa3 13. 68 CSO SAO 3 18. 63 NO0PA03 7. 56
CSOHGOa 5. 74 CS0SA04 6. 07 NO0JM01 10, 45
CS0EG01 20. 65 CS0KN01 33. 93 NO0JM02 1. 04
CS0EG02 7. 49 CS0KN02 10. 20 NO0JM03 7. 31
CSOPOO1 23. 63 CS0KN03 22. 14 NO0TR01 12. 20
CSOP002 8. 26 CS0KN04 6. 07 NO0TR02 1. 36
CSOP003 16. 69 CS0ID01 37. 94 NO0TR03 8. 14
csopooa 5. 85 CS0ID02 10. 94 NO0VZ01 11. 39
CS0SI01 21. 95 CS0ID03 24. 06 NO0VZ02 1. 20
CS0SI02 7. 87 CS0ID04 6. 06 NO0VZ03 7. 76
CS0SI03 15. 83 CS0PK01 38. 07 NO0BZ01 18. 23
CS0SI04 5. 77 CS0PK02 10. 98 NO0BZ02 2. 49
CSOPGOl 20. 55 CS0PK03 24. 13 NO0BZ03 11. 05
CS0PG02 7. 63 CSOPK04 6. 07 NO0DR01 20. 11
CS0PG03 15. 16 CS0VN01 39. 63 NO0DR02 2. 84
CS0PG04 5. 79 CSOVN02 11. 57 NO0OR03 11. 96
CSOITOI 22. 65 CSOVN03 25. 07 NO0PU01 14. 29
CS0IT02 8. 02 CS0VN04 6. 43 NO0PU02 1. 75
CS0IT03 16. 18 CSOPPO1 38. 04 NO0PU03 9. 16
CSOITOU 5. 79 CS0PP02 11^ 26 NO0CL01 16. 70
CS0TK01 24. 44 CS0PP03 24. 30 NO0CL02 2. 19'
CS0TK02 8. 35 CS0PP04 6. 43 NO0CL03 10. 31
CS0TK03 17. 04 CSOHKO 1 38. 01 NO0SW01 17. 04
CS0TK04 5. 78 CS0HK02 11. 28 NO0SW02 2. 42
CS0HR01 22. 63 CS0HK03 24. 30 NO0SW03 10. 10
CS0MP02 7. 87 CS0HK04 6. 46 NO0NW01 17. 26
CSOMR03 16. 56 CSOJPO1 33. 20 NO0NW02 2. 53
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Table 30. (Continued)
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
NO0NW03 10. 24 NO0TK03 12. 17 NO0AG01 2oT 26
NO0NW04 0. 08 NO0MR01 18. 55 NO0AG02 1. 14
NO0FN01 18. 35 NO0HR02 2. 38 NOOA001 26. 07
NO0FN02 2. 74 NO0MR03 11. 58 NO0AU02 4. 32
KO0FN03 10. 77 NO0TU01 19. 50 NO0AU03 14. 57
NO0FN04 0. 09 NO0TU02 1. 91 NO0AU04 0. 26
NO0DN01 17, 67 NO0UA01 20. 55 GV0MX01 8. 68
UO0DN02 2. 62 NO0UA02 2. 93 GV0MX02 0. 56
NO0DN03 10. 45 NO0UA03 12. 17 GV0MX03 6. 84
NO0DN04 0. 10 NOOISO1 20. 69 GV0PAO1 10. 40
NO00K01 15. 79 NO0IS02 2. 95 GVOPA02 0. 93
NO0UK02 2. 29 HO0IS03 12. 24 GV0PA03 7. 69
NO0UK03 9. 54 NO0SN01 18. 15 GV0PA04 0. 06
NO0UK04 0. 12 NO0SN02 2. 31 GV0JM01 9. 96
NO0IR01 15. 37 NO0SN03 11. 40 GVOJM02 0. 87
WO0IR02 2. 23 NOONGO1 19. 28 GV0JM03 7. 48
NO0TR03 9. 37 NO0NG02 1. 14 GV0JM04 0. 07
NO0IH04 0. 14 NOOSAO 1 22. 27 GV0TR01 11. 84
NO0NH01 15. 00 NO 0 SAO 2 3. 25 GV0TR02 1. 23
NO0NH02 2. 19 NO0SA03 13. 00 GV0TR03 8. 40
NO0NH03 8. 73 NO0KN01 28. 77 GV0TR04 0. 09
NO0BL01 14. 89 NO0KN02 4. 30 GVOVZ01 10. 89
NO0BI.02 2. 18 NO0KN03 16. 50 GV0VZ02 1. 03
NO0BL03 8. 68 NO0ID01 32. 78 GV0V203 7. 94
NO0FR01 16. 64 NO0ID02 5. 05 GV0VS04 0. 07
NO0FR02 2. 36 NO0ID03 18. 42 GVOBZ01 17. 87
NO0FR03 9. 91 NO0PK01 32. 90 GV0BZ02 2. 37
NO0WG01 15. 33 NO0PK02 5. 07 GV0BZ03 11. 32
NO0WG02 2. 26 NO0PK03 18. 49 GV0BZ04 0. 11
NO0WG03 8. 90 NOOVNO1 32. 89 GVODROI 20. 12
NO0EG01 16. 89 NO0VN02 5. 07 GV0UR02 2. 85
NO0EG02 2. 12 NO0VN03 18. 48 GV0UR03 12. 43
NO0PO01 19. 39 NO0PP01 31. 29 GV0UE04 0. 18
NOOP002 2. 71 NO0PP02 4. 78 GV0PU01 13. 73
NO0PO03 11. 61 NO0PP03 17. 71 GV0PU02 1. 56
NO0SI01 18. 08 NO0HK01 31 . 22 GV0PU03 9. 29
NO0SI02 2. 45 NO0HK02 4. 77 GV0PU04 0. 06
NO0SI03 10. 97 NO0HK03 17. 68 GV0CL01 16. 14
NO0PG01 16. 63 NO0HK04 0. 01 GV0CL02 2. 00
NO0PG02 2. 19 NO0JP01 26. 42 GV0CL03 10. 44
NO0PG03 10. 28 NO0JP02 4. 02 GVOCL04 0. 04
NO0IT01 18. 65 NO0JP03 14. 99 GV0SWO1 16. 28
NO0IT02 2. 56 NOOCNO1 15. 45 GV0SW02 2. 15
NO0IT03 11. 25 NO0CN02 3. 91 GV0SW03 10. 11
NO0TK01 20. 55 NO0CN03 10. 47 GVOSW04 0. 01
NO0TK02 2. 93 NO0CN04 2. 19 GV0NW01 16. 14
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Table 30. (Continued)
Coded Oppor. Coded Oppor. Coded Oppo-r
route Cost route Cost route Cost
GV0NW02 2. 13 GVOITO1 18. 40 GV0VN03 18. 62
GV0NW03 10, 05 GV0IT02 2. 48 GV0VN04 0. 05
GV0FN01 17. 18 GV0IT03 11. 58 GV0PP01 30, 72
GV0FN02 2. 32 GV0IT04 0. 12 GV0PP02 4. 57
GV0FN03 10. 55 GV0TK01 20. 16 GV0PP03 17. 85
GV0DN01 16. 48 GVOTK02 2. 79 GV0PP04 0. 05
GV0DN02 2. 19 GV0TK03 12. 41 GV0HK01 30. 39
GV0DNO3 10. 21 GV0TK04 0, 10 GV0HK02 4. 48
GV0UK01 15. 29 GVOMROI 18. 27 GV0HK03 17. 66
GV0UK02 2. 11 GV0MR02 2. 29 GV0JP01 25. 91
GV0UK03 9. 72 GV0MR03 11. 89 GV0JP02 3. 85
GVOUKOa 0, 18 GV0MR04 0. 11 GV0JP03 15. 16
GV0IP01 15. 04 GV0TU01 19. 15 GV0JP04 0. 07
GV0IR02 2. 12 GVOTD02 1. 78 GV0CN01 15. 12
GV0TH03 9. 64 GVOUftOI 20. 20 GV0CN02 3. 80
GVOIROa 0. 25 GV0UA02 2. 80 GV0CN03 10. 75
GV0NH01 14. 52 GV0DA03 12. 43 GV0CN04 2. 30
GV0NH02 2. 03 GV0DA04 0. 11 GV0AG01 20. 42
GV0NH03 8. 92 GV0IS01 20, 41 GV0AG02 1. 21
GV0NH04 0. 08 GV0IS02 2. 86 GV0AU01 24. 14
GV0BL01 14. 57 GV0IS03 12. 55 GV0AU02 3. 62
GV0EL02 2. 07 GV0IS04 0. 12 GV0AU03 13. 90
GVOBL03 8. 96 GV0SN01 17. 81 LA0MX01 30. 11
GV0BL04 0. 11 GV0SN02 2. 20 LA0MX02 14. 15
GVOFEOl 16. 40 GV0SN03 11. 66 LA0MX03 23. 27
GV0FR02 2. 28 GV0SN04 0. 11 LA0MX04 11. 81
GV0FR03 10. 24 GVONGO 1 19, 44 LA0PA01 26. 28
GV0FR04 0. 14 GV0NG02 1. 21 LA0PA02 12. 4S
GV0WG01 15. 08 GV0SA01 21. 90 LA0PA03 20. 79
GV0WG02 2, 18 GV0SA02 3. 12 LA0PA04 10. 59
GV0WG03 9. 23 GV0SA03 13. 25 LA0JM01 27. 80
GVOWGOU 0. 13 GV0SA04 0. 10 LA0JM02 13. 12
GV0EG01 16. 65 GV0KN01 28. 39 LAOJM03 21. 77
GV0EG02 2. 04 GV0KN02 4. 18 LA0JM04 11. 06
GVOP001 19. 06 GV0KN03 16. 75 LA0TR01 28. 77
GVOP002 2. 59 GV0KN04 0. 10 LA0TR02 13. 15
GV0PO03 11. 88 GVOIDO1 32. 41 LAOTR03 22. 14
GVOPOOa 0. 11 GV0ID02 4. 92 LA0TE04 10, 87
GV0SI01 17. 72 GV0ID03 18. 68 LR0V201 28. 23
GV0SI02 2. 34 GV0ID04 0. 09 LA0VZ02 13. 09
Gvosros 11. 24 GVOPKO 1 32- 53 LA0VZ03 21. 91
GVOSIOU 0. 10 GVOPK02 4. 95 LA0VZ04 10. 93
GVOPG01 16. 29 GV0PK03 18. 74 LA0VZ05 17. 69
GV0PG02 2. 08 GV0PK04 0. 10 LA0VZ06 9. 51
GV0PG03 10. 55 GVOVNO1 32. 33 LA0BZ01 35, 00























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
LA0VN03 21. 26 SL0VZ0 3 17. 65 SL0IR01 30T 92
LA0VN04 6. 57 SL0VZ04 6, 56 SL0IR02 10. 85
LA0PP01 30. 41 SL0VZ05 12. 75 SL0IR03 20. 49
LA0PP02 10. 02 SL0VZ06 4. 84 SLOIR04 7. 18
LA0PP03 21. 22 SLOBZO 1 31. 65 SL0NH01 30. 07
LA0PP04 6. 84 SL0BZ02 10. 32 SL0NH02 10. 65
LR0HK01 29. 24 SL0EZ03 20, 90 SLONH03 19. 58
LA0HK02 9. 61 SL0BZ04 6. 55 SL0NH04 6. 92
IA0HK03 20. 54 SI0BZ05 13, 98 SLONH05 12. 77
LA0HK04 6. 62 SL0BZ06 4. 07 SL0NH06 4. 44
IA0JP01 26. 51 SLOURO 1 31. 49 SL0BL01 29. 87
LA0JPO2 9. 64 SL0UR02 9, 90 SL0BL02 10. 59
LA0JP03 19. 08 SL0UR03 20. 58 SL0BL03 19. 47
LAOJP04 7. 08 SL0UR04 6. 07 SL0BL04 6. 90
IA0JP05 14. 24 SLOPUOl 22. 84 SL0BL05 12. 71
LA0JP06 5. 41 SL0PU02 7. 76 SL0BL06 4. 43
LAOCN01 32. 49 SL0PUO3 16. 08 SL0FR01 31. 59
LA0CN02 15. 88 SL0PU04 5. 42 SL0FR02 10. 75
LA0CN03 24. 75 SL0CL01 24. 97 SL0FR03 20. 68
LA0CN04 13. 18 SL0CL02 8. 09 SL0FR04 6. 89
LA0AG01 37. 17 SL0CL03 17. 07 5L0WG01 30. 63
LA0AG02 13. 05 SL0CL04 5. 34 SLOWG02 10, 80
LAOAU01 27. 71 SL0CL05 11 . 77 SL0WG03 19. 88
LA0AU02 10. 53 SL0CL06 3. 49 SL0WG04 6. 97
LA0AU03 19. 61 SLOSWO 1 31. 95 SLOHG05 12. 91
LAOAU04 7. 70 SL0SW02 10. 81 SL0WG06 4. 44
LA0AU05 14. 48 SL0SW03 20. 83 SL0EG01 33. 19
LA0AU06 5. 90 SL0SW04 6. 88 SL0EG02 11. 03
SLOHXO 1 26. 79 SL0NW01 31. 52 SL0PO01 34. 65
SL0HX02 10. 13 SL0NW02 10. 67 SLOP002 11. 22
SL0MX03 19. 02 SL0NWO3 20. 60 SLOP003 22. 56
stonxo4 7. 43 SL0Ntf04 6. 81 SLOP004 6. 96
SLOPAO 1 22. 92 SL0FN01 32. 78 SLOSIOI 32. 93
SL0PA02 8. 41 SL0FN02 10. 95 SL0SI02 10. 83
SL0Pa03 16. 53 SL0FN03 21, 23 SL0SI03 21. 69
SLOPAOa 6. 21 SL0FN04 6. 86 SL0SI04 6. 87
SL0JM01 24. 46 SL0DN01 32. 16 SL0PG01 31. 70
SL0JH02 9. 08 SL0DN02 10. 85 SL0PG02 10. 64
SL0JM03 17. 51 SL0DN03 20. 93 SL0PG03 21. 12
SLOJH04 6. 68 SL0DN04 6. 88 SL0PG04 6. 93
SL0TR01 25. 42 SLOUKO1 30. 99 SL0PG05 14. 30
SL0TR02 9. 11 SLOUK02 10. 77 SL0PG06 4, 50
SLOTR03 17. 88 SL0UK03 20. 47 SL0IT01 33. 58
SLOTROa ,6. 49 SL0UK04 7. 07 SL0IT02 10. 96
SL0VZ01 24, 89 SLOUKOS 13. 81 SL0IT03 22. 00
SL0VZ02 9. 06 SL0UK06 4, 66 SL0IT04 6. 89
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Table 30. (Continued)
Coded Oppor. Coded Oppor
route Cost route Cost
SL0IT05 14. 62 SLO PK01 32. 35
SLOIT06 4. 24 SL0PK02 7. 67
SL0TK01 35. 43 SL0PK03 19. 95
SL0TK02 11. 30 SL0PK04 3. 32
SL0TK03 22. 89 SL0VNO1 24. 60
SLOTKOU 6. 88 SL0VNO2 4. 77
SL0TK05 14. 95 SL0VN03 15. 29
SL0TK06 4. 02 SL0VN04 1. 54
SL0MR01 33. 33 SL0PP01 22. 93
SL011H02 10, 72 SL0PP02 4. 44
SL0MR03 22. 25 SL0PP03 14. 47
SL0MR04 6. 84 SL0PP04 1. 52
SL0MR05 15. 01 SL0HK01 22. 47
SL0MR06 4. 28 SL0HK02 4, 30
SLOT001 34. 33 SL0HK03 14. 22
SL0TU02 10. 26 SLOHK04 1. 44
SL0OR01 35. 05 SL0JP01 17. 92
SL0UA02 11. 16 SLOJP02 3. 64
SL0UA03 22. 67 SL0JP03 11 . 67
SL0UA04 6. 79 SLOJP04 1. 49
SL0IS01 35. 51 SLOJP05 7. 33
SL0IS02 11. 31 SL0CN01 29. 49
SL0IS03 22. 93 SL0CH02 11. 97
SL0IS04 6. 87 SL0CN03 20. 69
SL0IS05 14. 96 SL0CN04 8. 88
SL0IS06 4. 00 SLOAGO 1 33. 78
SLOSN01 32. 12 SL0AG02 9, 00
SL0SN02 10. 35 SL0AU01 22. 34
SL0SN03 21. 57 SL0AU02 5. 73
SLOSNOU 6. 67 SL0AU03 14. 13
SL0NG01 32. 80 SL0AU04 2. 85
SL0NG02 9. 00 SLOAUOS 8. 78















Table 31« Opportunity Cost; model Vf ob-iective function 1
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost _ route
'"0H4IL2
Cost
SEOCSO 0.42 MC7IA5 5.50 2747
SEONOO 1.91 MC7IA6 4.06 OH4IL3 5. 16
SEOGVO 2.41 HC8PH0 1,27 OH4IL4 3. 17
SEONEO 4.75 HC8CH0 1.60 OH4IL5 2.10
DLOGVO 1.16 MC8TOO 0.22 OH5PHO 0.86
DLOAPO 0.35 MC80H3 0.17 OH5CS0 3.18
DL0MO1 7.28 MC8IN3 0.21 OH5NOO 3.09
DL0KA8 7.12 MC8IN4 1.76 OH5CH0 4.08
SPONOO 3.99 MC8IN5 1.72 OH5TOO 1.75
SP0KA8 6.31 WC8IL2 1.48 OH5NEO 0.69
MC5PH0 0.69 HC8IL3 4.65 OH5AP0 2.26
MC5CH0 1.48 MC8TL4 2.80 0H50H3 0.87
MC5TOO 0, 68 HC8IL5 1 .88 OH5IN3 1.83
MC5NE0 1. 12 MC8IA6 5. 16 OH5IN4 2,80
MC50H3 0.05 MC9PH0 2.35 OH5IN5 2.30
MC5IN3 1.00 MC9CH0 3.30 OH5IL2 3.82
MCSINU 1.94 MC9NE0 0.18 OH5IL4 4.51
MC5IN5 1.96 MC90H2 0.66 OH5IL5 3.44
HC5IL2 1.32 MC90H3 0.46 OH7PH0 1.33
nc5iL3 4.52 MC9IN3 2.20 OH7CHO 3. 63
MC5IL4 2.79 MC9IN4 3.04 OH7TOO 2.23
MC5IL5 1.94 MC9IN5 2.84 OH7AP0 1.71
MC5IA6 4.77 HC9IL2 3.17 0H70H2 1.11
MC6PH0 1.27 MC9IL3 6.27 0H70H3 1. 12
HC6CH0 2.72 MC9IL4 4.35 OH7IN3 2.05
KC6TOO 1.26 HC9IL5 3.36 0H7IN4 1.89
MC60H2 0. 17 OH1PHO 1.21 OH7IN5 1.83
MC60H3 0.06 OH1CHO 2.63 OH7IL2 3.23
MC6IN3 1.50 OH1NEO 0,84 0H7IL3 5.58
MC6IN4 2.91 0H1APO 3. 15 OH7IL4 3.62
HC6IN5 2.81 0H10H3 0.29 0H7IL5 2.58
MC6IL2 2.59 0H1IN4 1.96 OH8PH0 0.54
MC6IL4 3.97 0H1IN5 1.70 OH8CHO 3,73
MC6IL5 3.06 0H1IL2 2.45 OH8TOO 2.01
MC7PH0 0.79 0H1IL3 5.40 OH8APO 0,01
MC7CH0 1. 16 0H1IL4 3.43 0H80H2 0.60
MC7TO0 0.70 0H1IL5 2.40 OH8IN3 1.60
MC7NE0 0.62 0H1IA6 6.27 0H8IN4 2.09
MC70H3 0.22 OH4PHO 0.28 0H8IN5 1.54
MC7IN3 0.24 OH4CHO 2.75 0H8IL2 3.38
MC7IN4 0.96 OH4NEO 0.51 OH8IL4 3.82
MC7IN5 1.06 OH4APO 1.68 0H8IL5 2.78
MC7IL2 0.40 0H40H2 0. 53 IN1PH0 1.19
MC7IL3 3.59 OH4IN3 0.64 IN1NOO 2.00
MC7IL4 1.80 0H4IN4 1.48 IN1GV0 3. 16
MC7IL5 0.93 OH4IN5 1.55 IN1TOO 2.60
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Coded Oppor. Coded Oppor. Coded Oppor.
route
"iNlNEO
Cost route Cost route Cost
2.22 IN7NEb 3.64 WI4GV0 1.39
IN10H2 1.55 IN70H2 2.24 WI4CH0 1.73
IN10H3 1.82 IN70H3 2.37 WI4NE0 3.06
IN1IN3 1.15 IN7IN3 2.05 WI4IN3 2.25
IN1IN5 1.27 IN7IN4 0.60 WI4rN4 2.20
IN1IL2 0.95 IN7IN5 1.26 WI4IL2 0.39
IN1IL3 3.42 IN7IL2 2.17 HI4IL3 2.39
iNiiia 2.01 IN7IL3 3.75 WI4IL4 1.67
IN1IL5 0.45 IN7IL4 2.00 WI4IL5 1.42
IN1IA5 5.85 IN7IL5 1 .78 WI4MN8 2.25
IN1IA6 4.42 IN7IA5 6.65 HI4IA5 2.28
IN1M01 7.69 IN7IA6 5.36 WI4IA6 1.42
IN2PH0 1.13 IN8PH0 0.32 WI4H01 4. 99
IN2NOO 3.16 IN8CS0 1.39 WI6NOO 2.48
IN2GV0 4.32 IN8NO0 0.65 WI6GV0 3.64
IN2CH0 1.16 IN8GV0 1.81 tfI6DU0 1 .74
IN2TOO 1.90 IN8CH0 2.49 HI6CH0 0.48
IN2NE0 2.06 IN8TOO 2.36 WI6TOO 1.34
IN20H2 1.11 IN8NE0 1.55 WI6NE0 1.89
IN20H3 1.37 IN8AP0 2.00 WI60H2 0.93
IN2IN4 0.94 IN80H2 1.39 HI60H3 1.11
IN2IN5 0.38 IN80H3 1.48 HI6IN3 0.9t
IN2IL2 2.12 IN8IN3 1.36 WI6IN4 1.32
IN2IL3 4.15 IN8IN4 0.40 WI6IN5 1.63
IN2IL4 2.18 IN8IL2 1.85 WI6IL3 2. 64
IN2TL5 1.88 IN8IL3 3.59 HI6IL4 1.34
IN2IA5 6.54 IN8IL4 1.79 WI6IL5 0.81
IN2IA6 5.10 IN8IL5 0.90 WI6MN8 4.46
IN6PH0 1.00 IN8IA6 5. 16 HI6IA5 3.64
IN6CH0 2.30 IN9NOO 0.17 HI6IA6 2.35
IN6TOO 1.85 IN9GV0 1.33 WI8NOO 2.51
IN6NE0 0. 53 IN9CH0 2.51 WI8GV0 3.67
IN6AP0 1.04 IN9TO0 2.94 WI8DU0 3.17
IN60H2 0.69 IN9NE0 0.93 WI8TOO 3.01
IN60H3 0.88 IN90H2 2.03 WI8NE0 2.79
IN6IN4 0.67 IN9TN3 1.85 WI80H2 2. 59
IN6IL2 1.94 IN9IN4 0.65 WI8IN3 2.24
IN6IL3 4.51 IN9IN5 0.70 WI8IN4 2. 13
IN6TL4 2.51 IN9IL2 1 .70 WI8IN5 2.57
IN6IL5 1.44 IN9IL3 2.87 WI8IL2 0.82
IN6IA6 5.69 IN9IL4 1.36 WI8IL3 2.80
IN7PH0 1. 31 IN9IL5 0;82 WI8IL4 1.73
IN7NO0 0.54 IN9IA5 5.79 WI8IL5 1.39
IN7GV0 1.70 IN9IA6 4.58 WI8MN8 5.04
IN7CH0 2.88 IN9H01 6.58 WI8IA5 3.78
IN7TOO 3.13 WI4NOO 0.23 SJI8IA6 2.44
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Table 31. (ContinuedL
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
HI8I101 6.31 IL6IN3 2. 17 "IL9AP0 1.65
HI9NOO 2. 52 IL6IN4 0.91 IL90H2 2.83
WI9GV0 3.68 IL6IN5 1.35 IL9IN3 2.55
WI9DU0 3.81 IL6IL2 0.82 IL9IN4 1.27
WI9CH0 0.52 IL6IL3 1.46 IL9IN5 1.43
WI9TOO 2.43 IL6IL4 0.36 IL9IL2 2.09
WI9NE0 2.38 IL6IL5 0.90 IL9IL3 3.05
WI90H2 2.02 IL6MN8 6.67 IL9IL4 2.01
HI90H3 2.25 IL6IA5 4.25 IL9IL5 1.35
WI9IN3 1.75 IL6IA6 3.08 IL9IA5 5. 95
WI9IN4 1.92 IL6M01 5. 22 IL9IA6 4.78
HI9IN5 2.28 IL7CS0 2.69 IL9M01 6.67
WI9IL3 3.31 IL7GV0 1. 16 UNINEO 7,54
HI9IL4 1.91 IL7CH0 3.50 MN1MN8 2.40
WI9IL5 1.29 IL7TOO 3.03 MN4NOO 1.08
WI9HN8 5.99 IL7NE0 3.82 I1N4GV0 2.24
WI9IA5 4.70 IL7APO 1.01 MN4NE0 5. 14
WI9IA6 3.31 IL70H2 2.27 HN4MN8 0.88
WI9M01 7. 13 IL7IN3 1.84 MN4IA5 2.04
IL1PH0 4.09 IL7IN4 1.22 MN4IA6 1.82
IL1NOO 1.63 IL7IN5 0.86 HN4M01 4. 04
IL1GV0 2.79 IL7IL2 1.07 MN5NOO 1.19
I11DU0 4. 94 IL7IL3 2.30 MN5GV0 2.35
IL1TOO 3. 69 IL7IL4 0.64 MN5NE0 5.84
IL1NE0 4.62 IL7IA5 5.21 MN5AP0 3.40
ILUPO 3.58 IL7IA6 3.97 MN5IL2 2.73
IL10H2 3.21 II7H01 6. 26 WN5IL3 4.28
IL1IN3 2.70 IL8GV0 1.16 HN5MN8 1.92
iLiiNa 2. 18 IL8CH0 5.30 MN5IA5 3.56
IL1IN5 2.67 IL8TOO 3.76 MN5IA6 3. 17
IL1IL2 0.09 IL8NE0 3.92 MN5M01 5. 90
IL1IL3 3.34 ILBAPO 1.50 MN6NO0 0.59
ILIILi* 1.44 IL8IN3 2.59 MN6GV0 1.75
IL1IL5 2.07 IL8IN4 1. 27 MN6CH0 3.15
ILIMNS 6.37 IL8IN5 1.53 MN6NE0 5.74
IL1IA5 4.49 IL8IL2 1.81 MN6AP0 2.80
IL1IA6 3.43 IL8IL3 2.44 MN6IL2 2.28
IL1M01 6.65 IL8IL4 1.53 MN6IL3 4.00
IL6PH0 4.39 IL8IL5 0.93 HN6MN8 2.72
IL6CS0 2.49 IL8IA5 5.28 riN6lA5 3.42
IL6GV0 1.16 IL8IA6 4.19 MN6IA6 2.91
IL6CH0 1.50 IL8M01 5.83 MN6M01 5. 93
IL6TO0 3, 36 IL9GV0 1.16 MN7NOO 2.58
IL6NE0 3. 92 IL9CH0 5. 84 MN7GV0 3.74
IL6AP0 1. 59 IL9TO0 3.68 MN7NE0 5.64
IL60H2 2.69 IL9NE0 3.96 MN7IL3 2.22
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Table 3J[. (Continued)
Coded Oppor. Coded Oppor. "'coded Oppor
route Cost route Cost route _ Cost
riN7HN8 0.80 IA3DU0 1.79 ""lA8li4 1.23
MN7ia5 1.30 TA3CH0 1 .99 IA8IN5 1.76
I1N7IA6 1.24 IA3NE0 3.25 IA8IL3 0.21
MN7M01 3.05 IA3AP0 2.08 IA8IL4 0.24
MN9CS0 3. 17 IA3TN3 2.43 IA8IL5 0.28
MN9NOO 0. 53 IA3IN4 1.99 IA8MN8 2.71
MN9GV0 1.69 IA3IN5 2.50 IA8IA6 0.82
MN9CH0 2. 16 IA3IL2 0.26 IA8H01 1.79
MN9NE0 5. 94 IA3IL3 1.67 IA8KA8 4.37
MN9AP0 3.06 IA3IL4 1 .20 IA9GV0 1.16
MN9IN4 2.99 IA3IL5 1.08 IA9Da0 3,50
MN9IL2 1.20 IA3MN8 2.72 IA9CH0 1.88
MN9IL3 2.75 IA3IA5 1.77 IA9NE0 2.96
MN9IL4 2.26 IA3M01 4.19 IA9AP0 0.77
MN9IL5 2.11 IA4NO0 1.43 IA9IN3 2,38
MN9MN8 2.04 IA4GV0 2.59 TA9IN4 1,47
MN9IA5 2.38 IA4DU0 1. 15 IA9IN5 1.99
MN9IA6 2.27 IA4CH0 0.47 IA9IL2 0.25
HN9M01 4. 90 IA4NE0 2.87 IA9IL3 0.67
IA1NOO 2.05 IA4AP0 1.83 IA9IL4 0.47
IA1GV0 3.21 IA4IL2 0.16 IA9IL5 0,51
IA1CH0 0.39 IA4IL3 0.67 IA9MN8 4. 06
IA1NE0 3.01 IA4IL4 0.63 IA9IA5 1,77
IA1APO 2. 17 IA4IL5 0.65 IA9IA6 0.26
IA1IL2 0.09 IA4MN8 1.17 IA9M01 3.14
IA1IL3 0,92 IA4IA6 0,02 MO2GV0 1. 16
lAIILU 0.77 IA4M01 1 .26 MO2CH0 3,00
IA1MN8 0.35 IA4KA8 3.66 M02IN4 0.94
IA1M01 1.78 IA7NO0 0.03 M02IN5 1,43
IA2CS0 4.22 IA7GV0 1. 19 M02IL2 0. 13
IA2NO0 1.83 IA7CH0 1 .37 M02IL4 0.02
IA2GV0 2.99 IA7NE0 3.25 M02IL5 0.05
IA2DU0 0.69 IA7IL2 0.04 M02MN8 3,78
IA2CH0 1.37 IA7IL3 0.23 M02IA5 1.08
IA2NE0 3.07 IA7IL4 0.28 M02IA6 0.78
IA2AP0 3.26 IA7IL5 0.32 M02H01 1.40
IA2INa 1.75 IA7MN8 1.67 M02KA8 3.98
IA2IL2 0.06 IA7IA6 0.0 MO3CS0 2.39
IA2IL3 1.17 IA7KA8 2.40 MO3GV0 1.16
IA2ILa 0.88 IA8CS0 2.90 MO3CH0 4.00
IA2IL5 0.81 IA8NO0 0.51 M03IN3 2.74
IA2HN8 1.10 IA8GV0 1.67 M03IN4 1.57
IA2IA6 0.91 IA8DU0 2.46 M03IN5 2.05
IA2M01 2.92 IA8CH0 1.41 M03IL2 0.94
IA3NOO 1.43 IA8NE0 3.37 M03IL3 0.92
IA3GV0 2.59 IA8AP0 1 .57 M03IL4 0.70
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Table 31. .[Continued)
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
M03IL5 0.72 H07IA6 1.36 NB3NE0 5.08
M03MN8 5.47 M07M01 0.92 NB3AP0 0.90
H03IA5 2.95 M07KA8 0.67 NB3IL3 0-64
M03IA6 1.91 MO9CS0 2.39 NB3MN8 0.58
H03M01 3-49 HO9GV0 1.16 NB3IA6 0.09
M03KA8 6-07 HO9CH0 4.45 NB3M01 0.47
MO4GV0 1, 16 H09IN3 4. 10 NB3KA8 1.60
M04IN4 1.41 H09IN4 2.83 NB4NOO 2.33
H04IL2 0.93 M09IN5 2.98 NB4GV0 2.23
M0aiL3 0.77 M09IL2 3.50 NB4CH0 4.63
MOaiLU 0.66 M09IL3 4.03 NB4NE0 6. 15
M04IL5 0.64 M09IL4 3.01 NB4AP0 2.33
MOUMNS 4.54 M09IL5 2.60 NB4M01 0.76
M04IA5 2.20 M09IA5 6.75 NB5CS0 6.21
M04IA6 1.73 W09IA6 5.75 NE5NOO 1.57
MOUMOI 1.70 M09M01 6.92 NB5GV0 1.47
M04KA8 2.73 ND6NE0 7.54 NB5LA0 0.34
MO5GV0 1. 16 ND6MN8 1.30 NB5SL0 0. 34
MOSCHO 3.55 ND9NE0 7.44 NB5CH0 3.77
M05IN4 2.72 ND9HN8 0.61 NB5NE0 5. 29
H05IN5 3.14 ND9IA5 1 ,67 NB5AP0 1.47
M05IL2 2.40 SD3NE0 7. 54 NB5MT0 1.46
M05IL3 2.29 SD3MN8 0.66 NB5MN8 0.72
M05IL4 2.05 SD3IA5 1.65 NB5IA5 0.02
M05IL5 1.99 SD3IA6 1. 53 NB5IA6 0. 10
M05HN8 6.83 SD3M01 3.39 NB8GV0 1.16
M05IA5 4.33 SD6NOO 0.70 NB8LA0 1.74
M05IA6 3.61 SD6GV0 1. 42 NB8SL0 1.74
M05H01 4. 17 SD6NE0 6.64 MB8CH0 3.37
H05KA8 6. 10 SD6MN8 0.06 NB8NE0 4.89
MO6GV0 1. 16 SD6IA5 0.59 NB8AP0 0.23
MOeCHO 3.07 SD6IA6 0.58 NB8IL3 0.51
M06IN3 3.28 SD6M01 2.01 NB8MN8 1.88
W06IN4 1.98 SD9NO0 0.66 NB8IA5 0.44
M06IK5 2.35 SD9GV0 1.82 NB8IA6 0.44
M06IL2 1.99 SD9DU0 0.08 NB8M01 0. 38
M06IL3 1.89 SD9NE0 6.62 NB8KA8 0.72
M06IL4 1.52 SD9AP0 2.97 KA2NOO 0.45
M06IL5 1.36 SD9IA6 0.06 KA2GV0 1.61
H06TA5 4.75 SD9M01 0.93 KA2NE0 5.86
M06IA6 3-79 SD9KA8 2. 17 KA2AP0 1.62
M06M01 5.07 NB3NOO 0.50 KA2MT0 3.08
M07NOO 0-76 NB3GV0 1.66 KA2IL3 0-66
M07GVO 0.66 NB3LA0 1.33 KA2MN8 2.05
ri07lL3 0.25 NB3SL0 1.33 KA2IA5 0.68
K07IA5 1.84 NB3CH0 3.56 KA2IA6 0.67
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Table 31. (Continued^
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
KA2M01 0.02 DU0UR01 22.13 DU0KN02 3. 35
KA3GV0 1.16 DU0UR02 2.23 DU0ID01 33, 87
KA3NE0 6.13 DO0PU01 19.61 DU0ID02 4. 09
KA3AP0 0.74 DU0PU02 2.39 DU0PK01 34. 00
KA3IL3 1.43 DU0CL01 21.18 DU0PK02 4, 13
KA3IL4 1,47 DU0CL02 2. 51 DU0VN01 38. 01
KA3MN8 3.74 DU0SW01 14.38 DU0VN02 5- 63
KA3IA5 1.86 Dn0SW02 0.06 DU0PP01 36. 61
KA3IA6 1.72 DUONHO1 14.42 DU0PPO2 5. 40
KA3M01 1.01 DU0NW02 0.05 DU0HK01 36. 26
KA3KA8 1-93 DUOFNO1 15. 96 DU0HK02 5. 29
KA5NOO 3.31 DU0FN02 0.43 DU0JP01 31. 71
KA5GV0 3.21 DUODNO1 14.49 DU0JP02 4. 64
KA5NE0 8.23 DU0DN02 0.01 DU0CN01 8. 45
KA5AP0 3.99 DO0OK01 13. 15 DU0AG01 20. 66
KA5MT0 4.59 DU0IR01 12.88 DU0AU01 29. 87
KA5IA5 3.30 DU0NH01 12.56 DU0AD02 4. 32
KA5n01 2.41 DU0BL01 12.56 CH0MX01 17. 95
KA6PH0 6.75 DOOFRO1 14.99 CH0MXO2 2. 65
KA6CS0 1.77 DU0FR02 0,38 CH0PA01 17. 00
KA6GV0 1. 16 DUOWGO1 12.99 CH0PA02 2. 07
KA6NE0 5.58 DU0WG02 0.02 CH0JM01 15. 92
KA6AP0 0-37 DOOEGOI 14.67 CH0JM02 1. 77
KA6TL3 1, 47 DUOP001 17.08 CHOTROl 15. 83
KA6IL4 1.46 DUO POO 2 0.47 CH0TR02 1. 40
KA6E1N8 4-44 DU0SI01 16.31 CH0VZ01 16- 15
KA6IA5 2.35 DU0SI02 0.42 CH0VZ02 1. 67
KA6IA6 2.09 DUOPGOI 14.70 CH0BZ01 20. 12
KA6M01 1.56 DU0PG02 0.11 CH0BZ02 1. 88
KA6KA8 1.83 DU0IT01 16.99 CH0DR01 22. 00
KA9IL3 0.08 DU0IT02 0.58 CH0UR02 2. 23
KA9IA5 1. 16 DU0TK01 18.83 CH0PU01 19. 48
KA9IA6 0.85 DaOTK02 0.92 CH0Pa02 2. 39
KA9M01 0.08 DOOMRO 1 16.99 CH0CL01 21. 90
DD0MX01 18. 07 DU0MR02 0.43 CH0CL02 2- 82
DU0MX02 2.65 DUOTUO1 17.85 CHOSWOI 14. 26
DUOPA01 17. 13 DUOUA01 18.77 CH0SW02 0. 07
DU0PA02 2.07 DU0UA02 0. 90 CH0NW01 14. 29
DU0JM01 16. 04 DU0IS01 19.07 CH0NW02 0. 05
DU0JM02 1.77 Dn0IS02 0.98 CH0FN01 15. 84
DU0TR01 15. 95 DU0SN01 18.09 CH0FN02 0. 43
DD0TR02 1.40 DU0SN02 0.93 CH0DN01 14. 37
DU0VZ01 16.27 DO0NG01 19.68 CH0UK01 13. 02
DU0VZ02 1.68 DU0SA01 23. 36 CH0UK02 0. 01
DU0BZ01 20.23 DD0SA02 2.29 CHOIROI 12. 75
DU0BZ02 1.88 DO0KN01 29.86 CH0IR02 0. 01
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Table 31. (Continued)
Coded Oppor. Coded Oppor. Coded Oppor
route Cost ro ute Cost route Cost
CH0NH01 12. 44 CH0JP02 4.65 TOOPOOl 16. 10
CH0BL01 12. 44 CH0CN01 8.34 TO0PO02 0. 48
CH0BL02 0. 0 CH0CN02 0.01 TO0SI01 15. 32
CH0FR01 14. 87 CHOAG01 20.54 TO0SI02 0. 43
CH0FR02 0, 38 CH0AG02 0.0 TO0PG01 13. 72
CH0WG01 12. 87 CHOAU01 29.74 TO0PG02 0. 11
CH0WG02 0. 03 CH0AU02 4.33 TO0IT01 16. 00
CH0EG01 14. 56 TOO MX01 17.09 TO0IT02 0. 58
CH0EG02 0. 01 TO0MX02 2.66 TO0TK01 17. 84
CH0PO01 16. 96 TO0PA01 16. 14 TO0TK02 0. 92
CH0PO02 0. 48 TOOPA02 2.07 TO0HR01 16. 00
CHOSI01 16. 18 TOOJMO1 15.06 TO0ME02 0. 44
CH0SI02 0. 43 TO0JM02 1 .77 TO0TU01 16. 87
CH0PG01 14. 58 TO0TR01 14.96 TO0TO02 0. 0
CH0PG02 0, 11 TO0TR02 1 .40 TO0UA01 17. 79
CH0IT01 16. 86 TO0VZ01 15.28 TO0UA02 0. 90
CH0IT02 0. 58 TO0VZ02 1 .68 TOOISOl 18. 08
CH0TK01 18. 70 TOOBZO1 19.25 TO0IS02 0. 99
CHOTK02 0. 92 TO0BZ02 1 .89 TOOSNO1 17. 10
CHOMROI 16. 86 TO0UR01 21. 14 TO0SN02 0. 93
CH0MR02 0. 43 TO0OR02 2.24 TO0NG01 18. 70
CH0TU01 17. 73 TOOPUO1 18.62 TO0NG02 0. 0
CH0TU02 0. 0 TO0PU02 2.39 TO0SA01 22. 38
CH0UA01 18. 66 TO0CL01 21.03 TO0SA02 2. 29
CH0UA02 0. 90 TO0CL02 2.83 TO0KN01 28. 87
CH0IS01 18. 95 TOOSWO1 13.40 TO0KN02 3. 35
CH0IS02 0. 98 TO0SW02 0.07 TO0ID01 32. 88
CH0SN01 17. 96 TOONWO 1 13.43 TO0ID02 4. 09
CH0SN02 0. 93 TO0NW02 0.06 TO0PK01 33. 01
CH0NG01 19. 56 TO0FN01 14.97 TO0PK02 4. 13
CH0NGO2 0. 0 TO0FN02 0.43 TO0VN01 37. 03
CHOSAOl 23. 25 TO0DN01 13.51 TO0VN02 5. 63
CH0SA02 2. 29 TO0DN02 0.01 TO0PP01 35. 63
CH0KN01 29. 73 TOOUKO 1 12.16 TO0PP02 5. 41
CH0KN02 3. 35 TO00K02 0.01 TO0HK01 35. 25
CH0ID01 33. 74 TOOIR01 11. 89 TO0HK02 5. 29
CH0ID02 4. 10 TO0IR02 0.01 TO0JP01 30. 72
CHOPKOl 33, 88 TO0NH01 11.58 TO0JP02 4. 65
CH0PK02 4. 13 TOOBLO1 11.57 TO0CN01 7. 47
CH0VN01 37. 89 TO0BL02 0.0 TO0CN02 0. 01
CH0VN02 5. 63 TOOFRO 1 14.00 TO0AG01 19. 68
CHOPP01 36. 49 TO0FR02 0.38 TO0AG02 0. 0
CH0PP02 5. 41 TO0WG01 12.00 TO0AU01 28. 88
CH0HK01 36. 14 TO0WG02 0.03 TO0AU02 4. 33
CH0HK02 5. 30 TOO EGO 1 13. 69 PHOMXOl 13. 23





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
PH0PP03 19,34 CS0UR03 11.92 CS0WG02~ 1.95
PHOPPOit 1.12 CS0UR04 0.40 CS0WG03 8.00
PH0HK01 33.40 CSOPUO1 15.35 CS0WG04 0.06
PH0HK02 6.09 CS0PU02 2.57 CSOEG01 15.09
PH0HK03 19.32 csopao3 10.06 CS0BG02 1.93
PHOHKOU 1. 13 CS0PU04 0.76 CSOP001 17.95
PH0JP01 28.58 CS0CL01 17.76 CSOP002 2.58
PH0JP02 5.33 CS0CL02 3.00 CS0PO03 11.01
PH0JP03 16.61 CS0CL03 11.21 CS0PO04 0.17
FHOJP04 1.12 CS0CL04 0.75 CS0SI01 16.27
PH0CN01 12.80 CS0SW01 15.26 CS0SI02 2. 19
PH0CN02 3.50 CS0SW02 2.17 CS0SI03 10.15
PH0CN03 9.25 CS0SW03 9.28 CS0SI04 0.09
PH0CN04 2.29 CS0SW04 0.09 CS0PG01 14.87
PH0AG01 19.29 CSONWO1 15.35 CS0PG02 1.95
PH0AG02 1.35 CS0NWO2 2.17 CS0PG03 9.48
PH0AD01 26. 73 CS0NW03 9.32 CS0PG04 0.11
PH0A002 5.02 CS0NW04 0.08 CS0IT01 16. 97
PH0AD03 15.26 CS0FN01 16.57 CS0IT02 2.34
PHOA004 0.96 CS0FN02 2.43 CS0IT03 10. 50
CS0MX01 11.96 CS0FN03 9.93 CS0IT04 0.11
CS0MX02 2.14 CS0FN04 0. 12 CSOTK01 18.76
CS0MX03 8.56 CS0DN01 15.36 CS0TK02 2.67
CS0HX04 1.00 CS0DN02 2. 10 CS0TK03 11.36
CSOPA01 12.04 CS0DN03 9.28 CS0TK04 0.10
CS0PA02 1. 94 CSOUKO1 13.61 CS0MR01 16.95
CS0PA03 8.46 CS0UK02 1.96 CS0MR02 2.19
CS0PA04 0.75 CS0UK03 8.56 CS0MR03 10.88
CS0JM01 10.96 CS0UK04 0.21 CS0MF04 0.13
CS0JM02 1.64 CSOIRO 1 13.76 CS0TDO1 17. 84
CS0JM03 7.88 CS0IR02 2.11 CS0TU02 1.77
CSOJMOa 0,63 CS0IR03 8.71 CS0UA01 18.6t
CS0TP01 11.95 CS0IR04 0.37 CS0UA02 2.61
CS0TR02 1.68 CS0NH01 12.99 CS0UA03 11.27
CS0TR03 8-26 CS0NH02 1 .94 CS0tJA04 0.06
CS0TR04 0.44 CS0NH03 7.84 CSOISO1 19.05
CS0VZ01 12. 16 CS0NH04 0.14 CS0IS02 2.75
CS0VZ02 1-91 CSOBL01 12.96 CS0IS03 11.51
CS0VZ03 8-48 CSOBL02 1.93 CSOIS04 0.14
CS0VZ04 0.68 CS0EL03 7.82 CSOSNOI 16. 81
CS0BZ01 17.68 CS0BL04 0.13 CS0SN02 2.22
CS0BZ02 2-70 CS0FR01 14.97 CS0SN03 10.84
C50BZ03 10.98 CS0FR02 2. 14 CS0SN04 0.20
CS0BZ04 0.39 CS0FR03 9.16 CS0NG01 18.36
CS0UR01 19.62 CS0FR04 0. 13 CS0NG02 1.28
CS0UR02 3.07 CS0WG01 13.40 CS0SA01 21.76
227
Table 31. (Continued)
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
CS0SA02 3. 46 NO0PA03 7. 56 NObsLOl 147 98
CS0SA03 12. 95 NOOJMO1 10. 45 NO0BL02 2. 27
csosaou 0. 39 NO0JM02 1. 04 NO0BL03 8. 77
CS0KN01 28. 25 NO0JH03 7. 31 NO0BL04 0. 09
CS0KN02 4. 52 NO0TP01 12. 20 NO0FR01 16. 64
CS0KN03 16. 46 NO0TR02 1. 36 NO0FR02 2. 36
CS0KN04 0. 39 NO0TR03 8. 14 NO0FR03 9. 91
CS0ID01 32. 26 NOOVZO1 11. 39 NO0WG01 15. 33
CS0ID02 5. 26 NO0VZ02 1. 20 NO0WG02 2. 26
CS0ID03 18. 38 NO0VZ03 7. 76 NO0WG03 8. 90
CS0ID04 0. 38 NOOBZO1 18. 23 NO0EG01 17, 01
CS0PK01 32. 39 NO0BZ02 2. 49 NO0EG02 2. 24
CS0PK02 5. 30 NOOBZO3 11, 05 NOOP001 19. 39
CS0PK03 18. 45 NO0UR01 20. 11 NOOP002 2. 71
CS0PK04 0. 39 NO0UE02 2. 84 NOOP003 11. 61
CS0VN01 33. 95 NO0UR03 11. 96 NO0SI01 18. 08
CS0VN02 5. 89 NO0PO01 14. 29 NO0SI02 2. 45
CSOVNOa 19. 39 NO0PU02 1 . 75 NO0SI03 10. 97
CS0VN04 0. 75 NO0PU0 3 9. 16 NO0PG01 16. 63
CS0PP01 32. 36 NO0CL01 16. 70 NO0PG02 2. 19
CS0PP02 5. 58 NO0CL02 2. 19 NO0PG03 10. 28
CS0PP03 18. 62 NO0CL03 10. 31 NO0IT01 18. 65
CS0PP04 0. 75 NOOSMO1 17. 04 NO0IT02 2. 56
CS0HK01 32. 32 NO0SW02 2. 42 NO0IT03 11. 25
CS0HK02 5. 59 NO0SW03 10. 10 NO0TK01 20. 55
CS0HK03 18. 61 NO0NW01 17. 18 NO0TK02 2. 93
CSOHKOU 0. 77 NO0NW0 2 2. 45 NO0TK03 12. 17
CS0JP01 27. 52 NO0NW03 10. 16 NO0MR01 18. 55
CS0JP02 85 NOOFNO1 18. 26 NO0MR02 2. 38
CS0JP03 15. 92 NO0FN02 2. 65 NO0HR03 11. 58
CSOJPOU 0. 77 NO0FN03 10. 68 NO0T001 19-. 62
CS0CN01 13- 47 NO0DN01 17. 57 NO0TU02 2. 03
CS0CN02 3. 65 NO0DN0 2 2. 52 NO0UA01 20. 55
CS0CN03 9. 59 NO0DN03 10. 35 NO0UA02 2. 93
csocNoa 2. 34 NO0UK01 15. 91 NO0UA03 12. 17
CS0AG01 19. 34 NO0OK02 2. 41 NO0IS01 20. 69
CS0AGO2 1. 28 NO0UK03 9. 66 NO0IS02 2. 95
CS0AU01 25, 65 NO0UK04 0. 24 NO0IS03 12. 24
CS0AUO2 4. 52 NO0IH01 15. 49 NO0SN01 18. 15
CSOAU03 14. 55 NO0IR02 2. 35 NO0SN02 2. 31
CS0AU04 0. 60 NO0IP03 9. 49 NO0SN03 11, 40
NO0MX01 9. 80 NO0IB04 0. 26 NO0NG01 19. 40
NO0MX02 0. 91 NO0NH01 15. 12 NO0NG02 1. 26
NO0MX03 7. 00 NO0NH02 2. 31 NO0SA01 22, 27
NO0PA01 10. 98 NO0NH03 8. 85 NO0SA02 3. 25
NO0PA02 1. 14 NO0NH04 0. 12 NO0SA03 13. 00
228
Table 31. (Continued)
Coded Oppor. Coded' Oppor. Coded Oppor
route Cost route Cost route Cost
NOOKNO1 28.77 GV0TR04 0.19 GV0NH03 ,14
NO0KN02 a.30 GV0VZ01 10.99 GV0NH04 0. 30
NO0KN03 16.50 GV0VZ02 1. 13 GV0BL01 14. 76
NO0ID01 32.78 GV0VZO3 8.04 GV0BL02 2. 26
NO0ID02 5.05 GVOVZ04 0.17 GV0BL03 9. 15
NO0ID03 18.42 GVOBZOl 17. 97 GV0BL04 0. 30
NO0PK01 32.90 GV0BZ02 2.47 GV0FR01 16. 50
NO0PK02 5.07 GV0BZ03 11. 42 GV0FR02 2. 38
NO0PK03 16.49 GV0BZ04 0.21 GVOFR03 10. 34
NOOVNOI 32.89 GVOURO1 20.22 GV0FR04 0. 24
NO0VN02 5.07 GV0URO2 2.95 GV0WG01 15. 18
NO0VN03 18.48 GV0UE03 12. 53 GV0WG02 2. 28
NO0PP01 31.29 GV0UR04 0.28 GV0WG03 9. 33
NO0PP02 4,78 GV0PU01 13.83 GV0tfG04 0. 23
NO0PP03 17.71 GV0PU02 1.66 GVOEG01 16. 87
NO0HK01 31.21 GV0PU03 9.39 GVOEG02 2. 26
NO0HK02 4.76 GV0PD04 0.16 GVOP001 19, 16
NO0HK03 17.67 GV0CL01 16,24 GVOP002 2. 69
NO0JP01 26.42 GV0CL02 2.10 GVOP003 11. 98
NO0JP02 4.02 GV0CL03 10.54 GVOP004 0. 21
NO0JP0 3 14.99 GV0CL04 0.14 GV0SI01 17. 82
NO0CN01 15.57 GVOSW01 16.38 GV0SI02 2. 44
NO0CN02 4. 03 GV0SW02 2.25 GV0SI03 11. 34
NO0CN03 10.59 GV0SW03 10. 21 GV0SI04 6. 20
NO0CN04 2.31 GV0SW04 0.11 GV0PG01 16. 39
NO0AG01 20.38 GVONWO1 16. 16 GV0PG02 2. 18
NO0AG02 1.26 GV0Nff02 2,15 GV0PG03 10. 65
NO0AU01 25.97 GV0NW03 10.07 GV0PG04 0. 21
NO0AU02 4.22 GV0NW04 0.02 GV0IT01 18. 50
NO0AU03 14.47 GV0FN01 17.19 GVGIT02 2. 58
NO0AU04 0.16 GV0FN02 2.33 GV0IT03 11. 68
GV0MX01 8.69 GV0FN03 10,56 GVOIT04 0. 22
GV0MX02 0.57 GV0FN04 0.01 GV0TK01 20. 26
GV0MX03 6.85 GV0DN01 16.48 GVOTK02 2. 89
GV0MX04 0.01 GVODNO^ 2. 19 GV0TKO3 12. 51
GV0PA01 10. 50 GV0DS03 10.21 GVOTK04 0. 20
GV0PAO2 1.03 GVOUKO1 15. 51 GV0MR01 18. 37
GV0PA03 7.79 GV0UK02 2.33 GV0MR02 2. 39
GV0PA04 0.16 GV0UK03 9. 94 GV0MR03 11. 99
GVOJHO1 10. 06 GV0UK04 0.40 GV0ME04 0. 21
GV0JM02 0. 97 GV0IR01 15.26 GV0TU01 19. 37
GV0JM03 7.58 GV0IR02 2.34 GV0Tn02 2. 00
GV0JM04 0. 17 GV0IR03 9.86 GV0UA01 20. 30
GV0TR01 11. 94 GV0IR04 0.47 GV0UA02 2. 90
GV0TR02 1.33 GVONHO1 14.74 GV0DA03 12. 53
GV0TR03 8.50 GVONH02 2.25 GV0OA04 0. 21
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Table 31. (Continued)
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
GVOlSOl 20, 51 GV0AG01 20. 64 LA0CL06 17, 30
GV0IS02 2, 96 GV0AGO2 1. 43 LA0SW01 44. 45
GV0IS03 12. 65 GV0AD01 24. 14 LA0SH02 24. 00
GVOISOa 0. 22 GV0Aa02 3. 62 LA0SW03 34. 26
GVOSN01 17. 91 GV0AU03 13. 90 LA0SW04 20. 42
GV0SN02 2. 30 LAOMXOl 39. 18 LAONW01 43, 82
GV0SN03 11. 76 LA0MX02 23. 22 LAONW02 23. 74
GV0SN04 0. 21 LA0MX0 3 32, 34 LA0NW03 33. 86
GV0NG01 19. 66 LA0MX04 20. 88 LAONW04 20. 24
GV0NG02 1. 43 LAOPAO1 35. 44 LA0FN01 45. 20
GV0SA01 22. 00 LA0PA02 21. 61 LA0FN02 24. 05
GV0SA02 3. 22 LA0PA03 29. 95 LA0FN03 34. 56
GV0SA03 13. 35 LA0PA04 19. 75 LA0FN04 20. 31
GV0SA04 0, 20 LAOJMO 1 36. 96 LA0DN01 44. 54
GVOKNO1 28- 49 LA0JM02 22- 28 LAODN02 23. 93
GV0KN02 4. 28 LAOJK03 30. 93 LA0DN03 34. 24
GV0KN03 16. 85 LAOJM04 20. 22 LA0DN04 20. 32
GV0KN04 0. 20 LA0TR01 37. 93 LA0UK01 43. 62
GV0ID01 32. 51 LA0TR02 22. 31 LA0UK02 24. 09
GV0ID02 5, 02 LA0TR03 31. 30 LA0UK03 34, 02
GVOID03 18. 78 LA0TR04 20. 03 LA0UK04 20, 72
GV0ID04 0. 19 LAOVZO1 37. 39 LAOUK05 28. 04
GV0PK01 32. 63 LA0VZ02 22. 25 LA0UK06 18. 61
GV0PK02 5, 05 LA0VZ03 31. 07 LA0IR01 43. 54
GV0PK03 18. 84 LA0VZ04 20. 09 LA0IR02 24, 16
GV0PK04 0. 20 LA0VZ05 26. 85 LA0IR03 34. 04
GV0VN01 32. 43 LA0VZ06 18. 67 LAOIR04 20- 83
GV0VN02 4. 98 LA0BZ01 44. 16 LA0NH01 42. 70
GV0VN03 18. 72 LA0BZO2 23. 52 LA0NH02 23, 96
GVOVN04 0. 15 LA0BZ03 34. 33 LA0NH03 33. 12
GV0PP01 30. 82 LA0BZ04 20. 09 LA0NH04 20. 58
GV0PP02 4. 67 LA0BZO5 28. 10 LA0NH05 27. 00
GV0PP03 17. 95 LAOBZ06 17. 90 LA0NH06 18. 39
GVOPP04 0. 15 LAOUROI 44. 92 LA0BL01 42. 44
GV0HK01 30. 48 LA0DR02 23. 45 LA0BL02 23. 86
GV0HK02 4. 57 LA0UR03 34. 55 LA0BL03 32. 97
GV0HK03 17. 75 LA0nR04 19. 82 LA0BL04 20. 52
GV0HK04 0. 09 LA0PU01 35. 31 LAOBL05 26, 90
GV0JP01 26. 01 LA0PU02 20. 94 , LAOBL06 18. 34
GV0aP02 3. 95 LA0PU03 29. 48 LA0FR01 44. 10
GV0JP03 15. 26 LA0PO04 18. 96 LA0FR02 23. 94
GV0JP04 0. 17 LAOCLO1 37. 45 LA0FR03 34. 10
GV0CN01 15. 34 LAOCL02 21. 28 LA0FR04 20, 44
GVOCN02 4. 02 LAOCL03 30. 47 LA0WG01 43. 14
GV0CN03 1P. 97 LA0CL04 18. 88 LA0MG02 23. 99
GVOCNOa 2. 52 LA0CL05 25. 87 LAOWG03 33. 30
230
Table 31« (Continued)
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LAOWGOU 20. 52 LA0IS04 20. 40 LA0CN02 25. 16
LA0WG05 27. 03 LA0IS05 29. 06 LA0CN03 34. 03
LA0MG06 18, 26 LA0IS06 17. 82 LA0CN04 22. 46
IA0EG01 44. 82 LA0SN01 44. 62 LA0AG01 46. 45
LA0EG02 23. 97 LA0SN02 23. 54 LA0AG02 22. 33
LAOPOOl 47- 60 LA0SN03 34. 99 LA0AU01 36. 77
IAOP002 24. 58 LA0SN04 20. 20 LA0AU02 19. 59
1AOP003 36. 25 LAONGO 1 45. 47 LA0AU03 28. 67
LAOPOOU 20. 60 LA0NG02 22. 34 LA0AU04 16. 76
LA0SI01 45. 42 LA0SA01 43. 06 LA0AU05 23. 54
LA0SI02 24. 00 LA0SA02 22. 34 LA0AU06 14. 96
LA0SI03 35. 09 LA0SA03 33. 16 SL0MX01 40. 35
LA0SI04 20. 40 LA0SAO4 18. 89 SL0MX02 23. 69
LA0PG01 44. 21 LA0SA05 26. 92 SL0HX03 32. 58
LA0PG02 23. 84 LA0SA06 16, 70 SLOMX04 20. 99
LA0PG03 34. 55 LAOKNO 1 53. 14 SL0PA01 36. 57
LAOPGOU 20. 47 LA0KN02 24. 74 SL0PA02 22. 06
LA0PG05 28. 42 LA0KN03 38- 84 SL0PA03 30. 18
LA0PG06 18. 32 LA0KN04 19. 72 SL0PA04 19. 86
LA0IT01 46. 09 LA0ID01 48. 51 SL0JM01 38. 11
LA0IT02 24. 15 • LAOTD02 22. 25 SL0JM02 22. 73
LA0IT03 35. 43 LA0ID03 35. 58 SL0JM03 31. 16
LA0IT04 20- 42 LA0ID04 17. 72 SL0JM04 20. 33
LA0IT05 28. 72 LAOPKOI 49. 58 SL0TE01 39. 07
LA0IT06 18. 0€ iA0PK02 22. 63 SL0TR02 22. 76
LA0TK01 47. 90 LA0PK03 36. 20 SL0TR03 31. 53
LAOTK02 24. 48 LAO PK04 17. 95 SLOTR04 20. 14
LA0TK03 36. 29 LAOVNO1 39. 95 SL0VZ01 38. 54
LAOTKOa 20. 41 LA0VN02 19. 02 SL0VZ02 22. 71
LA0TK05 29. 05 LA0VN03 30. 42 SLOVZ03 31, 30
LA0TK06 17. 83 LA0VN04 15. 73 SL0VZ04 20. 21
LA0MR01 45. 84 LA0PP01 39. 57 SLOVZ05 26. 40
LA0MR02 23. 91 LA0PP02 19. 18 SLOVZ06 18. 49
LA0MR03 35. 67 LA0PP03 30. 38 SL0BZ01 45. 30
IA0MH04 20. 39 LA0PP04 16. 00 SLOBZ02 23. 97
LA0MR05 29. 13 LA0HK01 38. 39 SL0BZ03 34. 55
LA0MR06 18. 11 LA0HK02 18. 76 SL0BZ04 20. 20
LA0TU01 46. 95 LA0HK03 29. 69 SL0BZ05 27. 63
LAOT002 23. 58 LA0HK04 15. 77 SLOBZ06 17. 72
LA0UA01 47. 80 LA0JP01 35. 67 SL0UR01 45. 14
LA0UA02 24. 44 LA0JP02 18. 80 SL0aR02 23, 55
LA0UA03 36. 24 LAOJP03 28. 24 SL0UR03 34. 23
LA0aA04 20. 39 LA0JP04 16. 24 SL0UR04 19. 72
LA0IS01 47. 99 IA0JP05 23- 40 SL0PU01 36. 49
LA0IS02 24. 49 LA0JP06 14. 57 SL0PU02 21. 41
LA0IS03 36. 34 LA0CN01 41. 77 SL0PU03 29. 73
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Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
SL^pa04 19. 07 sl6Ho2 24. 40" Sl3ua02 "24.*81'
SL0CL01 38. 62 SL0FR03 34. 33 SL0U&03 36. 32
SL0CL02 21. 74 SL0FB04 20. 54 SL0Ua04 20. 44
SLOCL03 30. 72 SL0WG01 44. 28 SLOlSOl 49. 16
SL0CL04 18. 99 SL0HG02 24. 45 SL0IS02 24. 96
SL0CL05 25. 42 SL0WG03 33. 53 SL0ISO3 36. 58
SL0CL06 17. 14 SL0HG04 20. 62 SL0IS04 20. 52
SL0SW01 45. 60 SL0WG05 26. 56 SL0IS05 28. 61
SL0SW02 24. 46 SL0WG06 18. 09 SLOIS06 17. 65
SL0SW03 34. 48 SLOEGOI 46. 96 SL0SN01 45. 77
SL0SW04 2Q. 53 SL0EG02 24. 80 SL0SN02 24. 00
SLONHO 1 45. 09 SL0PO01 48. 30 SL0SN03 35. 22
SL0NW02 24. 24 SLOP002 24. 87 SL0SN04 20. 32
SL0NW03 34. 17 SLOP003 36. 21 SL0NG01 46. 57
SL0NW04 20. 38 SLOP004 20. 61 SL0NG02 22. 77
SL0FN01 46. 34 SL0SI01 46. 58 SLOSA01 49. 22
SL0FN02 24. 51 SL0SI02 24. 48 SLOSA02 24. 68
SL0FN03 34. 79 SL0SI03 35. 34 SL0SA03 36. 42
SL0FN04 20. 42 SL0SI04 20. 52 SL0SA04 20. 16
SL0DN01 45. 71 SLO PGO 1 45. 35 SL0SA05 28. 33
SL0DN02 24. 40 SL0PG02 24. 29 SL-OSAOe 17. 24
SLODN03 34. 48 SLOPG03 34. 77 SL0KN01 50. 83
SL0DN04 20. 43 SL0PG04 20. 58 SL0KN02 23. 90
SL0DK01 44. 76 SLOPGO5 27. 95 SL0KN03 36. 99
SL0UK02 24. 54 • SL0PG06 18. 15 SL0KN04 19. 03
SL0DK03 34. 24 SL0IT01 47. 23 SL0ID01 4-4. 96
SLOUK04 20. 84 SL0TT02 24. 61 SLOIDO? 20. 95
SLOaKOS 27. 58 SLOIT03 35. 65 SL0ID03 32. 98
SLODK06 18. 43 SL0IT04 20. 54 SLOID04 16. 75
SL0IR01 44. 69 SL0IT05 28. 27 SLOPK01 46. 00
SL0IR02 24. 62 SL0IT06 17. 89 SL0PK02 21. 32
SL0IR03 34. 26 SL0TK01 49. 08 SL0PK03 33. 60
SL0IP04 20. 95 SL0TK02 24. 95 SL0PK04 16. 97
SL0NH01 43. 84 SL0TK03 36. 54 SL0VN01 38. 25
SL0NH02 24. 42 SL0TK04 20. 53 SL0VN02 18. 42
SL0NH03 33. 35 SLOTK05 28. 60 SL0VN03 28. 94
SLONHOa 20. 69 SL0TK06 17. 67 SL0VN04 15. 19
SL0NH05 26. 54 SLOMR01 46. 98 SL0PP01 36. 58
SL0NH06 18. 21 SL0MR02 24. 37 SL0PP02 18. 09
SL0BL01 43. 61 SL0MR03 35. 90 SLOPP03 28. 12
SL0BL02 24. 33 SL0MR04 20. 49 SL0PP04 15. 17
SLOBL03 33. 21 SL0HR05 28, 66 SL0HK01 36. 11
SLOBLOa 20. 64 SL0MR06 17. 93 SL0HK02 17. 94
SL0BL05 26. 45 SL0TU01 48. 10 SL0HK03 27. 86
SL0BL06 18. 17 SL0TU02 24. 03 SL0HK04 15. 08























:able 32, Opportunity Cost: model objective function
Coded Oppor. Coded Oppor. Coded Oppor
route Cost routje Cost route Cost
SEOCSO 0.85 MC7IA5 6.29 OH4Il3 5.78
SEONOO 3.47 MC7IA6 4.85 OH4IL4 3.77
SEOGVO 6.49 MC8PH0 0.57 OH4IL5 3.34
SEONEO 4.36 MC8CH0 1.24 OH5PH0 0. 10
DLOGVO 0.45 nC8TOO 0.57 OH5CSO 3.93
DLORPO 2.35 MC80H3 0. 43 OH5NOO 4.68
DL0MO1 6.31 MC8IN3 0.21 OH5CHO 3.72
DL0KA8 6.20 HC8IN4 2.27 OH5TO0 1,40
SPONOO 2.35 MC8IN5 2.36 OH5NE0 0.36
SP0KA8 6.77 MC8IL2 2.63 OH5APO 0.20
HC5PH0 0.86 MC8IL3 5.53 0H50H3 1.13
MC5CH0 1.75 HC8IL4 3.66 OH5IN3 1.83
nCSTOO 0.74 HC8IL5 3.38 OH5IN4 3.31
MC50H2 0.63 HC8IA6 5.95 OH5IN5 2.94
KC50H3 0.94 HC9PH0 1.17 OH5IL2 4.97
MC5IN3 1.63 MC9CH0 3.24 OH5IL4 5.37
MC5IN4 3.08 MC9NE0 0.72 OH5IL5 4.94
MC5IN5 3.23 MC90H2 0.96 OH7PHO 0.77
MC5IL2 3. 10 MC90H3 1.02 OH7NOO 1.47
MC5IL3 6.03 MC9IN3 2. 50 OH7CH0 3.05
MC5IL4 4.28 MC9IN4 3.85 OH7TOO 1.70
MC5IL5 4.07 HC9TN5 3.78 0H70H2 0.89
MC5IA6 6.19 f1C9lL2 4.62 0H70H3 1.16
MC6PH0 0.92 MC9IL3 7.45 OH7IN3 1.83
MC6CH0 3.24 MC9IL4 5.51 OH7IN4 2. 18
MC6TO0 0.96 MC9IL5 5.16 OH7IN5 2.25
MC60H2 1.05 OH1PH0 0.76 0H7IL2 4. 16
MC60H3 1.20 OH1CH0 2.27 0H7IL3 6.24
HC6IN3 2.38 OH1NEO 0.58 0H7IL4 4,26
MC6IN4 4.30 OH1APO 1.32 OH7IL5 3.86
MC6IN5 4.33 OH10H3 0.55 OH8PHO 0.82
MC6IL2 4.62 0H1IN4 2.47 OH8CHO 4.85
WC6IL4 5.71 0H1IN5 2.34 OH8TO0 2.85
MC6IL5 5.44 0H1IL2 3.60 0H80H2 2.08
HC7PH0 0.66 0H1IL3 6.28 0H80H3 1.74
MC7CH0 0.80 0H1IL4 4.29 OH8IN3 3.08
flC7TOO 0,05 0H1IL5 3.90 OH8IN4 4.08
MC7NE0 0.14 0H1IA6 7.06 OH8IN5 3.66
MC70H3 0.48 OH4CHO 2. 13 OH8IL2 6.01
MC7IN3 0.24 OH4TOO 0.44 OH8IL4 6.16
MC7IN4 1.47 OH4NEO 0. 12 0H8IL5 5.76
MC7IN5 1.70 0H40H2 0.27 IN1PH0 1.77
nC7lL2 1.55 OH4IN3 0.38 IN1NO0 2. 89
MC7IL3 4.47 OH4IN4 1.73 IN1GV0 8.19
HC7IL4 2.66 0H4IN5 1 .93 IN1TOO 1.28
MC7IL5 2.43 OH4IL2 3.36 IN1NE0 1.63
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Table 32. (Continued)
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost t route Cost
IN10H2 1.06 IN7TO0 1.66 ' WI4io0 1.60
IIi10H3 1,59 IN7NE0 1.61 HI4GV0 8.72
IN1IN3 0.66 IN70H2 1.13 WI4CH0 1.23
IN1IN4 0,02 IN70H3 1.52 WI4NE0 2.52
IN1IN5 1.42 IN7IN3 0.94 WI4IN3 2.61
IN1IL2 1.61 IN7IN5 0.79 WI4TN4 3.07
IN1IL3 3.81 IN7IL2 2.21 WI4IL2 1.90
IN1IL4 2.38 IN7IL3 3.52 HI4IL3 3. 63
IN1IL5 1.46 IN7IL4 1 .75 WI4IL4 2.89
IN1IA5 6.15 IN7IL5 2. 17 HI4IL5 3.28
IN1IA6 4.72 IN7IA5 6.33 HI4MN8 2. 82
TN1M01 8.01 IN7IA6 5.04 WI4IA5 3.43
IN2PH0 1.82 IN8PH0 1.31 WI4IA6 2. 57
IN2NOO 4.55 IN8CS0 2.88 WI4M01 6. 16
IN2GV0 9.20 IN8NOO 1 .77 MI6NOO 2. 66
IN2CH0 1.66 IN8GV0 6.49 HI&GVO 8.68
IN2TO0 1.33 INBCHO 2.06 WI6DU0 1.25
IN2NE0 1.67 IN8TOO 1.93 WI6TOO 0.85
IN20H2 1.11 INBNEO 1.72 WT6NE0 0.47
IN20H3 1.63 IN80H2 1.32 WI60H2 0.80
IN2IN4 1.45 IN80H3 1.67 MI60H3 1.24
IN2IN5 1.02 INBIN3 1.29 WI6IN3 0.78
IN2IL2 3.27 IN8IN4 0.84 WI6IN4 1.70
IN2IL3 5.03 IN8IN5 0.57 WI6IN5 2.14
IN2IL4 3.04 IN8IL2 2.93 WI6IL2 1. 02
IN2IL5 3.38 IN8IL3 4.40 WI6IL3 3.39
IN2IA5 7.33 IN8IL4 2.58 WI6IL4 2.07
IN2IA6 5.89 TN8IL5 2.33 WI6IL5 2.18
IN6PH0 1. 17 IN8IA6 5.88 tfI6MN8 4.54
IN6CH0 1.94 IN9PH0 2.12 WI6IA5 4.30
IN6TOO 1.17 IN9GV0 5.43 WI6IA6 3.01
IN6NE0 1.27 IN9CH0 2.23 WI8NOO 2.70
IN6AP0 0.87 IN9TO0 2.66 WIBGVO 8.18
IN60H2 0.69 IN9NE0 2.55 HIBDaO 2.00
IN60H3 1.14 IN9AP0 0,55 WI8TO0 1.84
IN6IN4 1.18 IN90H2 2.11 WI8NE0 1.87
IN6IN5 0.64 IN9IN3 1.93 WI80H2 1.78
IN6IL2 3.09 IN9IN4 1.24 WIBIN3 1,43
IN6IL3 5.39 IN9IN5 1.42 WI8IN4 1.B3
IN6IL4 3.37 IN9IL2 2.93 HI8IN5 2.40
IN6IL5 2. 94 IN9IL3 3.83 WieiL2 1.16
IN6IA6 6.48 IN9IL4 2.30 WIBIL3 2.87
IN7PH0 1.26 IN9IL5 2.40 WI8IL4 1.78
IN7NOO 0.65 IN9IA5 6.66 WI8IL5 2.08
IN7GV0 5.86 IN9IA6 5.45 WI8HN8 4.44
IN7CH0 1.41 IN9H01 7.47 WI8IA5 3,76
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Table 32
Coded Oppcr. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
WI8TA6 2.42 IL6IN3 0.95 IL9IN4 0.34
WI8M01 6.31 IL6IN4 0.20 IL9IN5 0.63
WI9NOO 2.65 IL6IN5 0.77 IL9IL2 1.80
WI9GV0 9.04 IL6IL2 0.75 IL9IL3 2.49
WI9DnO 3.08 IL6IL3 1. 12 IL9IL4 1.43
WI9TOO 1.70 IL6IL5 1.18 IL9IL5 1,41
WI9NE0 1.72 TL6MN8 5.66 IL9IA5 5.30
WI90H2 1.65 IL6IA5 3.82 IL9IA6 4, 13
WI90H3 2.14 IL6IA6 2.65 IL9M01 6.04
RI9IN3 1.38 IL6H01 4.81 MN1NE0 5.01
WI9IN4 2.06 IL7CS0 2.83 MN1MN8 3.71
WI9IN5 2.55 IL7lirOO 1.02 MN4NOO 3.94
WI9IL2 0.78 IL7GV0 4.79 BN4GV0 8.78
WI9IL3 3.82 IL7CH0 . 0. 18 MN4NE0 4.72
WI9IL4 2,40 IL7TOO 1.17 MN4HN8 2.25
WI9IL5 2.42 IL7NE0 1.36 HN4IA5 3.99
WI9MN8 5.83 IL7AP0 0.06 HN4IA6 3,77
WI9IA5 5. 12 IL7 0H2 0.77 MN4M01 6.01
Wl9ia6 3. 73 IL7IN3 0.34 MN5NOO 2.46
WI9M01 7.57 IL7IN4 0.23 MN5GV0 9.55
IL1PH0 2.71 IL7IL2 0.72 MN5NE0 4.52
IL1NOO 1.60 IL7IL3 1.68 HN5AP0 6.20
IL1GV0 7. 63 IL7IA5 4.50 MN5IL2 3,88
ILIDOO 3.34 IL7IA6 3.26 MN5IL3 5.16
IL1TO0 2.09 IL7H01 5.57 MN5MN8 2. 13
IL1NE0 2.37 IL8GV0 3.93 riN5IA5 4.35
IL1APO 2.68 IL8CH0 1.24 MN5IA6 3.96
JL10H2 1.97 IL8TOO 2.22 MN5M01 6.71
IL1IN3 1. 46 IL8NE0 2.31 HN6NOO 1.42
IL1IN4 1.45 IL8APO 0.47 nN6GV0 9.60
IL1IN5 2.07 IL8IN3 1.41 MN6CH0 2.85
IL1IL3 2. 98 IL8IN4 0.60 MN6NE0 3.93
IL1IL4 1.06 IL8IN5 0.99 MN6AP0 5.75
IL1IL5 2.33 IL8IL2 1.78 MN6IL2 3.49
IL1HN8 5.34 IL8IL3 2. 14 HN6IL3 4.94
IL1IA5 4.04 IL8IL4 1.21 HN6MN8 2.99
IL1IA6 2.98 IL8IL5 1.25 HN6IA5 4.27
IL1M01 6.22 IL8IA5 4.89 MN6IA6 3.76
IL6PH0 1.98 ILBIA6 3.80 MN6M01 6.80
IL6CS0 3. 71 IL8M01 5.46 MN7NOO 3.55
IL6GV0 4.77 IL9GV0 4.29 MN7GV0 6.72
IL6CH0 0.31 TL9CH0 1.17 MN7NE0 3.92
TL6TO0 1.78 IL9TOO 1.88 nN7lL3 3.21
IL6NE0 2.07 IL9NE0 1.89 MN7MN8 1.12
IL6AP0 0.98 IL90H2 1.39 HN7IA5 2.20
IL60H2 1.47 IL9IN3 1.11 11N7IA6 2.14
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Coded Opper . Coded Opper . Coded Oppor . 
route Cost ro ute Cost route Cost -MN 7Mo1-~---3:9~-~-ri3Ciio..-----0:16--~IASIN5------1:61--
MN9CSO 7 . 22 IA3NEO 2 . 23 IA8IL2 0 .36 
MN9NOO 0 . 98 IA3APO 2 . 95 IA8IL3 0 . 30 
MN9G V0 7.73 IA3IN3 1. 64 IA8IL4 0 . 3 1 
MN9CHO 1.11 IA3IN4 1.71 IA8IL5 0 . 99 
MN9NEO 2 . 82 IA3IN5 2 . 35 IA8MN8 2 .1 3 
MN9APO 4 . 00 IA3IL2 0 . 62 IA8IA6 0 . 82 
MN9IN4 2 . 8 1 IA3IL3 1.76 IA8M0 1 1. 8 1 
MN9IL2 1. 66 IA3IL4 1. 27 IA8KA8 4 . 44 
MN9IL3 2 . 94 IA3IL5 1.79 IA9NOO 0 . 2 1 
MN9IL4 2 . 43 IA3MN8 2 .1 4 IA9GVO 4 . 92 
MN9IL5 2 . 92 IA3IA5 1.77 IA9DOO 2 . 09 
MN9MN8 1. 56 IA3M0 1 4 . 21 IA9CHO 0 . 04 
MN9IA5 2 . 48 IA4NOO 1. 55 IA9NEO 2 . 39 
MN9IA6 2 . 37 IA4GVO 4 . 05 IA9AP0 2 . 09 
MN9M0 1 5 . 02 IA 4CHO 0 .1 6 IA9IN3 1. 33 
IA 1 NOO 3 . 35 IA4NEO 2 . 44 IA9IN4 0 . 93 
IA 1GVO 5 . 75 IA4AP0 2 . 53 IA9IN5 1. 58 
IA 1CH0 1.1 8 IA4IL2 0 . 52 IA9IL2 0 . 35 
IA1NEO 3 . 24 IA4IL3 0 . 76 IA9IL3 0 . 50 
IA1APO 3. 82 IA4IL4 0 .70 IA9IL4 0 . 28 
IA 1IL2 1. 60 IA4IL5 1.3 6 IA9IL5 0 . 96 
IA 1I L3 2 .1 6 IA4MN8 0 . 59 IA9MN8 3 . 22 
IA 1IL4 1. 99 IA4IA6 0 . 02 IA9IA5 1. 51 
IA 1MN8 0 . 92 IA4M0 1 1.28 IA9M0 1 2. 90 
IA 1IA5 1.1 5 IA 4KA8 3 .73 M02GVO 2 . 89 
IA 1IA6 1.1 5 IA7NOO 0 . 28 M02CH0 0 . 08 
IA 1M0 1 2 . 95 IA7GVO 2 .78 M0 2IN 4 0 . 57 
IA2CS0 6 . 26 IA 7CHO 0 . 07 M02IN5 1.1 9 
IA2NOO 1. 50 IA7 NEO 2 . 42 M02IL2 0 . 40 
I A2G VO 6 .16 IA7AP0 2 . 05 M02IL4 0 . 0 
IA2CHO 0~ 44 IA 7 IL2 0 . 40 M02IL5 ~. 6 7 
IA2NEO 2 . 49 IA 7IL3 0 . 32 M02MN8 3 .11 
IA2APO 3 .1 8 IA7 IL4 0 . 35 M02IA5 0 . 99 
IA2IN4 1. 93 IA7IL5 1. 03 MO~IA6 0 . 69 
IA2IL2 0 . 88 IA7 MN8 1. 09 M02M0 1 1. 33 
IA2IL3 1.72 IA7M0 1 0 . 02 M02KA8 3 . 96 
IA2IL4 1 . 41 IA7KA8 2 . 47 M03CSO 4. 83 
IA2IL5 1. 98 IA8CSO 4 . 83 M03G VO 4 . 54 
IA2MN8 0 . 98 IA8NOO 1.1 2 M03CHO 1. 04 
IA 2IA5 0 .46 IA8GVO 4 . 00 M03IN3 2 . 03 
IA2IA6 1. 37 IA8DUO 1. 3 1 M03IN 4 1. 37 
IA2M0 1 3 . 40 IA8CHO 0 . 04 M03IN5 1. 98 
IA3NOO 1. 23 IA8NEO 2. 39 M03IL2 1. 38 
IA3GV0 6. 7 0 IA8APO 2 . 07 M03I L3 1 . 09 
IA3DUO 0 . 64 IA8IN4 0 . 95 M03IL 4 0 . 85 
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Table 32. (Continued)
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost _route Cost
M03IL5 1,51 M07IA6 3. 16 NB3CH0 o723
M03MN8 4.97 M07H01 2.74 NB3NE0 2.49
M03IA5 3,03 M07KR8 2,54 NB3AP0 2.50
M03IA6 1. 99 MO9CS0 3,40 NB3IL3 0.73
M03M01 3,59 MO9GV0 3,78 NB3IA6 0.09
M03KA8 6.22 HO9CH0 3.12 NB3H01 0.49
MO4GV0 0.90 M09IN3 3.13 NB3KA8 1.67
MOUINU 0.61 M09IN4 2,37 NB4NOO ?.39
M04IL2 0.77 M09IN5 2.65 NB4GV0 1.19
M04IL3 0.34 M09IL2 3.68 NB4CH0 0.98
M04IL4 0.21 H09IL3 3,94 NB4NE0 3.29
M0UIL5 0.83 H09IL4 2 .90 NB4AP0 2.95
M04MN8 3,44 M09IL5 3.13 NB4M01 0.71
KOUIAS 1.68 M09IA5 6,57 NB5CS0 4.75
H04IA6 1,21 M09IA6 5.57 NB5NOO 2. 13
H04M01 1,20 M09M01 6,76 NB5GV0 1.25
M0UKA8 2.28 ND6NE0 5.03 NB5LA0 1. 50
MO5GV0 3,46 ND6HN8 2.92 NB5SL0 1.36
MO5CH0 1.77 ND9NE0 4.97 NB5CH0 0.21
M05IN4 1.81 ND9MN8 2,56 NB5NE0 2. 53
W05IN5 2,36 ND9IA5 4.20 NB5AP0 2.22
H05IL2 2. 13 SD3NE0 4.68 NB5MT0 1. 51
M05IL3 1,75 SD3MN8 1.95 NB5MN8 0.12
M05IL4 1,49 SD3IA5 3.52 NB5IA6 0.08
M05IL5 2.07 SD3IA6 3.40 NB5KA8 0.05
M05MN8 5.62 SD3M01 5.28 NB8NOO 0.27
M05IA5 3.70 SD6NO0 3.55 NB8GV0 1.20
M05IA6 2.98 SD6GV0 6.26 NB8LA0 3. 58
M05M01 3,56 SD6NE0 4.12 KB8SL0 3.94
M05KA8 5,54 SD6MN8 1. 15 NB8CH0 0.07
MO6GV0 4. 40 SD6IA5 2,26 NBBNEO 2.42
MO6CH0 1.91 SD6IA6 2.25 NB8AP0 1,75
M06IN3 2.48 SD6M01 3,70 . NB8IL3 0.20
M06IN4 1.69 SD9NOO 2. 33 NB8HN8 0.90
M06IN5 2.19 SD9GV0 4.75 NB8IA5 0.04
ri06lL2 2.34 SD9NE0 3.75 NB8IA6 0.04
M06IL3 1, 97 SD9AP0 4,16 NB8KA8 0.39
M06IL4 1,58 SD9flN8 0.91 KA2NOO 0.71
M06IL5 2.06 SD9IA5 1.49 KA2GV0 0.86
H06IA5 4,74 SD9IA6 1.55 KA2NE0 2,99
M06IA6 3,78 SD9M01 2.44 KA2AP0 2.15
M06I501 5.08 SD9KA8 3.73 KA2MT0 3.11
M07NOO 0.27 NB3NOO 0.73 KA2IL3 0.71
M07IL3 2. 14 NB3GV0 2,66 KA2HN8 1.43
M07IL4 1.87 NB3LA0 3.61 KA2IA5 0.64
M07IA5 3,64 NB3SL0 2.91 KA2IA6 0.63
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Table 32» (Continued)
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
KA2KA8 0.03 DO0UR01 22. 11 DaOlDOl 33T"85
KA3GV0 1.97 DU0UE02 2.21 DU0ID02 4. 07
KA3NE0 3.56 DDOPUOI 19.59 DUOPKOI 33, 98
KA3AP0 2.54 DUOPU02 2.37 DU0PK02 4. 11
KA3IL3 1.23 DU0CL01 21. 16 DU0VN01 37. 99
KA3IL4 1.25 DU0CL02 2.49 DU0VN02 5. 61
KA3MN8 2.87 DU0SW01 14.36 DU0PP01 36. 59
KA3IA5 1.57 DU0SW02 0.04 DU0PP02 5, 38
KA3IA6 1.43 DU0NW01 14. 40 DaOHKOI 36. 24
KA3M01 0.74 DUONW02 0.03 DO0HKO2 5. 27
KA3KA8 1.71 DU0FN01 15.95 DU0JPO1 31. 69
KA5NOO 2.88 DU0FN02 0.42 D00ap02 4, 62
KA5GV0 1.80 DU0DN01 14.49 D00CN01 8. 45
KA5NE0 5.37 Dn0DN02 0.01 DU0AG01 20. 66
KA5AP0 4-14 DOOUKO 1 13. 15 DU0AU01 29. 87
KA5MT0 4.59 duoirOi 12.88 DUOAU02 4. 32
KA5IA5 3.23 DU0NH01 12.56 CH0MX01 17. 94
KA5H01 2.36 DU0BL01 12.56 CH0MX02 2. 64
KA6PH0 3.65 DU0FR01 14.97 CH0PAO1 16. 98
KA6CS0 4.54 DU0FR02 0.36 CH0PA02 2. 05
KA6GV0 1.42 D0OWGO1 12.97 CH0JH01 15. 90
KA6NE0 3.70 DU0EG01 14.67 CH0JM02 1. 75
KA6AP0 2.32 DUOPOO1 17.06 CH0TR01 15. 81
KA6IL3 1.41 DUOP002 0.45 CH0TR02 1. 38
KA6IL4 1.38 DUOSIOI 16.29 CH0VZ01 16. 13
KA6MN8 3.71 DD0SI02 0.40 CH0VZ02 1. 65
KA6IA5 2.20 DU0PG01 14.68 CH0BZ01 20. 10
KA6IA6 1.94 DU0PG0 2 0.09 CH0BZ02 1. 86
KA6M01 1. 43 DU0IT01 16.97 CH0UR01 21. 98
KA6KA9 1.75 DO0IT02 0.56 CH0UB02 2. 21
KA9IL3 0. 10 DUOTKO 1 18.81 CH0PU01 19. 46
KA9IA5 1.09 DU0TK02 0,90 CH0PU02 2. 37
KA9IA6 0.78 DUOMROI 16.97 CHOCLOl 21. 88
KA9M01 0.03 DU0MR02 0.41 CH0CLO2 2. 80
DU0HX01 18. 06 DUOT001 17.85 CH0SW01 14, 24
DO0MX02 2.64 DO0OA01 18.75 CH0SW02 0. 05
DU0PA01 17, 11 DU0UA02 0.88 CH0NW01 14. 27
DU0PA02 2.05 DUOISO 1 19.05 CHONW02 0. 03
DUOJM01 16.02 DU0IS02 0.96 CH0FN01 15. 83
DU0JM02 1.75 DUOSN01 18.07 CH0FN02 0. 42
DU0TR01 15. 93 DU0SN02 0.91 CH0DN01 14. 37
DU0TR02 1. 38 DU0NG01 19.68 CH0UK01 13. 02
DU0VZ01 16. 25 DUOSAO 1 23.34 CH0UK02 0. 01
DU0VZ02 1. 66 DU0SA02 2.27 CHOIR01 12. 75
DO0BZ01 20.21 DD0KN01 29.84 CHOIR02 0- 01












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
PHOPPOa 3.43 CS0UR04 0. 38 C30WG03 7. 98
PH0HK01 35.71 CS0PU01 15. 33 CS0WG04 0. 04
PH0HK02 8.40 CS0PU02 2. 55 CS0EG01 15. 09
PH0HK03 21.63 CS0PD03 10. 04 CS0EG02 1. 93
PH0HK04 3. 44 csopao4 0. 74 CSOP001 17. 93
PH0JPO1 30.89 CSOCLO1 17. 74 CS0PO02 2. 56
PH0JP02 7.64 CS0CL02 2. 98 CSOP003 10. 99
PH0JP03 18.92 CS0CL03 11. 19 CSOP004 0. 15
PH0JP04 3.43 CS0CL04 0. 73 CS0SI01 16. 25
PH0CN01 15. 13 CS0SW01 15. 24 CS0SI02 2. 17
PH0CN02 5. 83 CS0SW02 2. 15 CS0SI03 10. 13
PH0CN03 11.58 CS0SW03 9. 26 CS0SI04 0. 07
PH0CN04 4.62 CS0SW04 0. 07 CSOPGOI ^4. 85
PH0RG01 21.62 CSONWO1 15. 33 CS0PGO2 1. 93
PH0AG02 3.68 CS0NW02 2. 15 CS0PG03 9. 46
PHOAUOI 29.06 CS0NW03 9. 30 CS0PG04 0. 09
PH0ft002 7.35 CS0NW04 0. 06 CS0TT01 16. 95
PHOAU03 17.59 CS0FN01 16. 56 CS0IT02 2. 32
PH0AU04 3.29 CS0FN02 2, 42 CS0IT03 10. 48
CS0MX01 11.95 CS0FN03 9. 92 CS0IT04 0. 09
CS0MX02 2, 13 CS0FN04 0. 11 CS0TK01 18, 74
CS0MX03 8.55 CSODNO 1 15. 36 CS0TK02 2. 65
CS0MX04 0.99 CS0DN02 2. 10 CS0TK03 11. 34
CS0PA01 12. 02 CS0DN03 9. 28 CS0TK04 0. 08
CS0PAO2 1.92 CSOUKO1 13, 61 CS0MR01 16. 93
CS0PRO3 8.44 CS0UK02 1. 96 CS0HR02 2. 17
CS0PA04 0-73 CS0UKO3 8. 56 CS0MR03 10. 86
CS0JM01 10.94 CS0aK04 0. 21 CS0HR04 0. 11
CS0JM02 1,62 CS0IR01 13. 76 CS0TU01 17. 84
CS0aM03 7.86 CS0IR02 2. 11 CS0TU02 1. 77
CS0JMO4 0.61 CS0IR03 8. 71 CS0UA01 18. 59
CS0TK01 11. 93 CS0IR04 0. 37 CSOUA02 2. 59
CS0TR02 1.66 CS0SH01 12. 99 CS0UA03 11. 25
CS0TIi03 8.24 CS0NH02 1. 94 CS0UA04 .0. 04
CS0TR04 0.42 CS0NH03 7. 84 CS0IS01 19. 03
CS0VZ01 12. 14 CS0NH04 0. 14 CSOIS02 2, 73
CSOVZ02 1.89 CSOBLO1 12. 96 CS0IS03 11. 49
CS0VZ03 8.46 C50BL02 1 . 93 CS0IS04 0. 12
CSOVZOU 0.66 CS0BL03 7, 82 CSOSN01 16. 79
CS0BZ01 17.66 CS0BL04 0. 13 CS0SN02 2. 20
CS0BZ02 2.68 CSOFRO1 14. 95 CS0SN03 10. 82
CS0BZ03 10.96 CS0FR02 2. 12 CS0SN04 0. 18
CS0BZ04 0.37 CS0FR03 9. 14 CSONGO1 18. 36
CSOUR01 19,60 CS0FR04 0. 11 CSONG02 1. 28
CS0UE02 3.05 CSOWGO1 13. 38 CSOSAO 1 21. 74

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Coded Oppor, Coded Oppor. Coded Oppor
route Cost route Cost route Cost
NO0SA02 3. 25 GV0TR03 8. 48 ~GV0NH03 9. 14
N00sa03 13. 00 GV0TR04 0. 17 GV0NH04 0. 30
NO0KN01 28. 77 GVOVZO1 10. 97 GV0BL01 14. 76
NO0KN02 4, 30 GV0VZ02 1. 11 GVOBL02 2. 26
NO0KN03 16, 50 GV0VZ03 8. 02 GV0BL03 9, 15
NO0ID01 32. 78 GV0VZ04 0. 15 GVOBL04 0. 30
NO0ID02 5. 05 GV0BZ01 17. 95 GV0FR01 16. 48
NO0ID03 18. 42 • GVOBZ02 2. 45 GV0FR02 2. 36
NO0PK01 32. 90 GV0BZ03 11. 40 GV0FR03 10. 32
NO0PK02 5. 07 GV0BZ04 0. 19 GV0FR04 0. 22
NO0PK03 18. 49 GV0US01 20. 20 GV0HG01 15. 16
NO0VN01 32. 89 GV0UR02 2. 93 GV0MG02 2. 26
NO0VN02 5. 07 GV0UR03 12. 51 GV0WG03 9. 31
NO0VN03 18. 48 GV0UR04 0. 26 GV0WG04 0. 21
NO0PP01 31. 29 GVOPUO 1 13. 81 GV0EG01 16. 87
NO0PP02 4. 78 GV0PU02 1. 64 Gy0EG02 2. 26
NO0PP03 17. 71 GV0PU03 9. 37 GVOPOOl 19. 14
NO0HK01 31- 21 GV0PD04 0, 14 GVOP002 2- 67
HO0HK02 U. 76 GV0CL01 16. 22 GVOP003 11. 96
NO0HK03 17. 67 GV0CL02 2. 08 GV0PO04 0, 19
NOOJPO 1 26. 42 GV0CL03 10. 52 GV0SI01 17. 80
NO0JP02 4. 02 GV0CL04 0, 12 GV0SI02 2. 42
NO0JP03 14. 99 GV0SW01 16. 36 GV0SI03 11. 32
NO0CN01 15. 59 GV0SW02 2. 23 GV0SI04 0. 18
NO0CN02 4. 05 GV0SW03 10. 19 GV0PG01 16. 37
NO0CN03 10. 61 GV0SW04 0. 09 GV0PG02 2. 16
NO0CN04 2. 33 GVONtfOI 16. ^4 GV0PGO3 10. 63
NO0&G01 20. 40 GV0NW02 2. 13 GV0PG04 0. 19
NO0AG02 1. 28 GV0NW03 10. 05 GV0IT01 18. 48
NO0AU01 25. 99 GV0NW04 0. 0 GV0IT02 2. 56
NO0AU02 4. 24 GV0FN01 17, 18 GVOIT03 11. 66
NO0AU03 14. 49 GV0FN02 2. 32 GVOIT04 0. 20
NO0AU04 0. 18 GV0FN03 10. 55 GVOTK01 20. 24
GV0MX01 8. 68 GVODNO1 16. 48 GV0TK02 2. 87
GV0MX02 0. 56 GV0DN02 2. 19 GV0TK03 12. 49
GV0MX03 6. 84 GVODN03 10. 21 GVOTK04 0. 18
GV0PA01 10. 48 GVOUKO1 15. 51 GV0MR01 18. 35
GV0PA02 1. 01 GV0UK02 2. 33 GV0MR02 2. 37
GV0PA03 7. 77 GV0UK03 9. 94 GV0MR03 11. 97
GV0PA04 0. 14 GV0UK04 0. 40 GV0MR04 0. 19
GV0JH01 10. 04 GVOIRO 1 15. 26 GVOTU01 19. 37
GV0JM02 0. 95 GV0IR02 2. 34 GV0TU02 2. 00
GV0JM03 7. 56 GVOIR03 9. 86 GV00A01 20. 28
GVOJMOa 0. 15 GV0IR04 0. 47 GV0UA02 2. 88
GV0TR01 11. 92 GVONH01 14. 74 GVOUA03 t2. 51
GV0TH02 1. 31 GV0NH02 2. 25 GV0Ua04 0. 19
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Table 32, (Continued)
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
GVOISO1 20. 49 GV0AG01 20. 64 LA0CLO6 2. 82
GV0IS02 2. 94 GV0AG02 1. 43 LA0SW01 29. 97
GV0IS03 12. 63 GV0AU01 24. 14 LA0SW02 9. 52
GV0IS04 0. 20 GV0AU02 3. 62 LAOSW03 19. 78
GV0SN01 17, 89 GVOA003 13. 90 LA0SW04 5. 94
GV0SN02 2. 28 LA0MX01 24. 71 LA0NH01 29. 34
GV0SN03 11. 74 LA0HX02 8. 75 LA0NW02 9. 26
GV0SN04 0. 19 LA0tlX03 17. 87 LA0NW03 19. 38
GV0NG01 19. 66 LA0MX04 6. 41 LA0NW04 5. 76
GV0NG02 1, 43 LA0PA01 20, 96 LA0FN01 30. 73
GV0SA01 21. 98 LA0PA02 7. 13 LAOFN02 9. 58
GV0SA02 3. 20 LA0PA03 15. 47 LA0FN03 20. 09
GVOSA03 13. 33 LA0PA04 5. 27 LA0FN04 5. 84
GV0SA04 0. 18 LA0JM01 22. 48 LA0DN01 30. 08
GV0KN01 28. 47 LAOJH02 7. 80 LA0DN02 •9. 47
GV0KN02 4. 26 LA0JM03 16. 45 LA0DN03 19. 78
GV0KN03 16. 83 LA0JM04 5. 74 LA0DN04 5. 86
GVOKNOa 0. 18 LA0TB01 23. 45 LAOHKOI 29. 16
GV0ID01 32. 49 LA0TR02 7. 83 LA0UK02 9. 63
GV0ID02 5. 00 LA0TR0 3 16. 82 LA0UK03 19. 56
GV0ID03 18. 76 LA0TF04 5. 55 LAOUK04 6. 26
GV0ID04 0. 17 LA0VZ01 22. 91 LA0UK05 13. 58
GV0PK01 32. 61 LA0VZ02 7. 77 LAOOK-06 4. 15
GV0PK02 5. 03 LA0VZ03 16. 59 LAOIR01 29. 08
GV0PK03 18. 82 LA0VZ04 5. 61 LA0IR02 9. 70
GVOPKOa 0. 18 LA0VZ05 12. 37 LA0IR03 19. 58
GVOVN01 32. 41 LA0VZ06 4. 19 LA0IR04 6. 37
GV0VN02 4. 96 LAOBZO1 29, 68 LA0NH01 28. 24
GV0VN03 18. 70 LA0BZ02 9. 04 LAONH02 9. 50
GVOVNOa 0. 13 IA0BZ03 19. 85 LAONH03 18. 66
GV0PP01 30. 80 LAOBZ04 5. 61 LAONH04 6. 12
GV0PP02 4. 65 LAOBZ05 13. 62 LA0NH05 12. 54
GV0PP03 17. 93 LA0EZ06 3. 42 LAONH06 3. 93
GV0PP04 0. 13 LAOURO 1 30. 44 LA0BL01 27. 98
GV0HKO1 30. 46 LA0UR02 8. 97 LA0BL02 9, 40
GV0HK02 4. 55 LA0UR03 20. 07 LA0BLO3 18. 51
GVOHK03 17. 73 LA0UR04 5. 34 LAOBL04 6. 06
GV0HK04 0. 07 LAOPUO 1 20. 83 LA0BL05 12. 44
GV0JP01 25. 99 LAOP002 6^ 46 LAOBL06 3. 88
GV0JP02 3. 93 LA0PU03 15. 00 LA0FR01 29. 62
GV0JP03 15. 24 LA0Pa04 4. 48 LAOFR02 9. 46
GV0JP04 0. 15 LA0CL01 22. 97 LA0FR03 19. 62
GVOCNO 1 15. 34 LAOCL02 6. 80 LA0FR04 5. 96
GV0CN02 4. 02 LA0CL03 15. 99 LA0WG01 28. 66
GV0CN03 10. 97 LA0CL04 4. 40 LA0WG02 9. 51
GV0CN04 2. 52 LA0CL05 11. 39 LA0WG03 18. 82
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Table 32. LCon^nuedj
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
LA0WG04 6. 04 LA0IS04 5. 92 LA0CN02 To. 70
LA0WG05 12, 55 LA0IS05 14- 58 LA0CN03 19. 57
LA0WG06 3. 78 LA0IS06 3. 34 LA0CN04 8. 00
LA0EG01 30. 36 LAOSNO 1 30. 14 LA0AG01 31. 99
LAOEG02 9. 51 LA0SN02 9.,06 LA0AG02 7, 87
LAOP001 33. 12 LA0SN03 20. 51 LA0AU01 22. 31
LAOP002 10. 10 LA0SN04 5. 72 LA0AU02 5. 13
LAOPOaa 21. 77 LA0NG01 31. 01 LA0AU03 14. 21
LA0PO04 6. 12 LA0NG02 7. 88 LA0AU04 2. 30
LA0SI01 30. 94 LA0SA01 28. 58 LA0AU05 9. 08
LAOSI02 9. 52' LA0SA02 7. 86 LA0AU06 0. 50
LA0SI03 20. 61 LA0SA03 18. 70 SLOMX01 26. 71
LA0SI04 5. 92 LAOSA04 4. 41 SL0MX02 10. 05
LA0PG01 29. 73 LA0SA05 12. 44 SLOMX03 18. 94
LA0PG02 9. 36 LAO SAO 6 2. 22 SL0MX04 7. 35
LA0PG03 20. 07 LA0KN01 38. 66 SLOPAOl 22. 92
LA0PG04 5. 99 LA0KN02 10. 26 SL0PA02 8. 41
IA0PG05 13. 94 LA0KN03 24. 36 SL0PA03 16. 53
LA0PG06 3. 84 LA0KN04 5. 24 SL0PA04 6. 21
LA0IT01 31. 61 LA0ID01 34. 03 SL0JM01 24. 46
LA0IT02 9. 67 LA0ID02 7. 77 SL0JM02 9. 08
LA0IT03 20. 95 LA0ID03 21. 10 SL0JM03 17. 51
LA0IT04 5. 94 LA0ID04 3. 24 SL0JM04 6. 68
IA0IT05 lU. 24 LA0PK01 35. 10 SLOTR01 25. 42
LA0IT06 3. 58 LA0PK02 8. 15 SL0TR02 9. 11
LA0TK01 33. 42 LA0PK03 21, 72 SL0TR03 17. 88
LA0TK02 10. 00 LA0PK04 3. 47 SL0TH04 6. 49
LA0TK03 21. 81 LA0VN01 25. 47 SL0VZ01 24. 89
LA0TK04 5. 93 LA0VN02 4. 54 SL0VZ02 9. 06
LA0TK05 14. 57 LA0VN03 15, 94 SL0VZ03 17. 65
LAOTK06 3. 35 LA0VN04 1. 25 SL0VZ04 6. 56
LAOMH01 31. 36 LA0PP01 25. 09 SL0VZ05 12. 75
LA0MR02 9. 43 LAOPP02 4. 70 SL0VZ06 4. 84
LA0MP03 21. 19 LA0PPO3 15. 90 SL0BZ01 31. 65
LAOMH04 5. 91 LA0PP04 1. 52 SLOBZ02 10. 32
LA0ME05 14. 65 LA0HK01 23. 91 SL0BZ03 20. 90
LA0MP06 3. 63 LA0HK02 4. 28 SL0BZ04 6. 55
LA0TU01 32. 49 LA0HK03 15. 21 SL0BZ05 13. 98
LAOTU02 9. 12 LA0HK04 1. 29 3L0BZ06 4. 07
LA0UA01 33. 32 LA0JP01 21 . 19 SL0UR01 31. 49
LA0UA02 9. 96 LA0JP02 4. 32 SL0UR02 9. 90
IA0UA03 21. 76 LA0JP03 13. 76 SL0UR03 20. 58
LA0UA04 5. 91 LA0JP04 1. 76 SL0UR04 6. 07
LA0IS01 33. 51 LA0JP05 8. 92 SL0POO1 22. 84
LA0IS02 10. 01 LA0JP06 0. 09 SL0PU02 7. 76
LA0IS03 21. 86 LA0CN01 21. 31 SL0PU03 16. 08
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Table 32. fContinued)
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
SL0PU04 5. 42 SL0FR02 10. 75 SL0OA02 11. 16
SL0CL01 24. 97 SL0FR03 20. 68 SLOUA03 22. 67
SL0CLO2 8. 09 SL0FR04 6. 89 SL0UA04 6. 79
SL0CL03 17. 07 SL0WG01 30. 63 SL0IS01 35. 51
SL0CL04 5. 34 SL0WG02 10. 80 SL0TS02 11. 31
SL0CL05 11. 77 SL0WG03 19. 88 SL0IS03 22. 93
SLOCL06 3- 49 SL0WG04 6. 97 SLOIS04 6. 87
SL0SW01 31. 95 SL0WG05 12. 91 SL0IS05 14. 96
SL0SW02 10, 81 SL0WG06 4. 44 SL0IS06 4. 00
SL0SH03 20. 83 SL0EG01 33. 33 SL0SN01 32. 12
SLOSWOa 6. 88 SL0EG02 11. 17 SL0SN02 10. 35
SL0NW01 31. 44 SLOPOO 1 34. 65 SL0SN03 21. 57
SL0NW02 10. 59 SLOP002 11. 22 SL0SN04 6. 67
SL0NW03 20. 52 SLOP003 22. 56 SLONGO1 32. 94
SLONWOa 6. 73 SL0PO04 6. 96 SL0NG02 9. 14
SLOFNOl 32. 70 SL0SI01 32. 93 SL0SA01 35. 57
SL0FN02 10. 87 SL0SI02 10. 83 SLOSA02 11. 03
SL0FN03 21. 15 SL0SI03 21. 69 SLOSA03 22. 77
SLOFN04 6. 78 SL0SI04 6. 87 SLOSA04 6. 51
SLODNOl 32. 08 SL0PG01 31 . 70 SL0SA05 14, 68
SL0D1J02 10. 77 SL0PG02 10. 64 SL0SR06 3. 59
SL0DN03 20. 85 SL0PG03 21. 12 SL0KN01 37. 18
SLODNOU 6. 80 SL0PG04 6. 93 SL0KN02 10. 25
SLOUKO 1 31. 13 SL0PG05 14, 30 SL0KN03 23. 34
SL0UK02 10. 91 SL0PG06 4. 50 SLOKN04 5. 38
SL0UK03 20. 61 SL0IT01 33. 58 SL0ID01 31. 31
SL0UK04 7. 21 SL0IT02 10. 96 SL0ID02 7. 30
SL0UK05 13. 95 SLOIT03 22. 00 SL0ID03 19. 33
SL0OK06 4. 80 SL0IT04 6. 89 SL0ID04 3. 10
SL0IR01 31. 06 SL0IT05 14. 62 SL0PK01 32. 35
SI0IR02 10. 99 SL0IT06 4. 24 SL0PK02 7. 67
SL0IR03 20. 63 SL0TK01 35. 43 5LOPK03 19. 95
SL0IR04 7. 32 SL0TK02 11. 30 SL0PK04 3. 32
SLONHO 1 30. 21 SL0TK03 22, 89 SL0VN01 24. 60
SL0NHO2 10. 79 SL0TK04 6. 88 SL0VN02 4. 77
SL0NH03 19. 72 SL0TK05 14. 95 SL0VN03 15, 29
SL0NH04 7. 06 SL0TK06 4. 02 SL0VN04 1. 54
SL0NH05 12. 91 SI0MR01 33. 33 SL0PP01 22. 93
SL0NH06 4. 5$ SL0MR02 10. 72 SL0PP02 4. 44
SLOBLO 1 29. 98 SL0HR03 22. 25 SL0PP03 14. 47
SL0BL02 10. 70 SL0MR04 6. 84 SL0PP04 1, 52
SL0BL03 19. 58 SL0MR05 15- 01 SL0HK01 22. 46
SL0B104 7. 01 SL0MR06 4. 28 SL0HK02 4. 29
SL0BL05 12. 82 SL0TU01 34. 47 SL0HK03 14. 21
SL0BL06 4. 54 SL0TU02 10. 40 SL0HK04 1. 43























Table 33. Opportunity Cost; model ,1j. objective function 3
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
SEOCSO 1.63 MC7IA5 5.26 0H4IN5 1.49
SEONOO 4.27 MC7IA6 3.82 OH4IL2 3.62
SEOGVO 7.27 P5C8FKO 0.47 OH4IL3 4.88
SEONEO 4.56 MCBCHO 1.70 0H4IL4 2.97
DLOGVO 0. 43 MCSTOO 1.03 OH4IL5 2.54
DLOAPO 1.55 HC80H3 0.23 OH5CSO 4.51
DL0HO1 4.68 MC8IN3 0.21 OH5NOO 3.46
DLOKAB 4.60 MC8IN4 2.71 OH5CHO 4. 18
SPONOO 2.37 MC8IN5 1.72 OH5TOO 1.86
SP0KA8 5.19 HC8IL2 2.69 OH5NEO 0.36
MC5PH0 0.76 MC8IL3 4.43 0H50H3 0.93
HC5CH0 2.21 MC8IL4 2.66 OH5IN3 1.83
HC5TOO 1.20 MC8IL5 2.38 OH5IN4 3,75
MC50H2 0.63 MC8IA6 4.92 OH5IN5 2.30
MC50H3 0,74 MC9PH0 0,61 OH5IL2 5.03
MC5IN3 1.63 MC9CH0 3.24 OH5IL4 4.37
MC5IN4 3.52 HC9NE0 0.26 OH5IL5 3.94
MC5IN5 2.59 «C90H2 0.50 OH7PHO 0.87
MC5IL2 3. 16 MC90H3 0.36 OH7NOO 0.45
MC5IL3 4.93 HC9IN3 2.04 OH7CH0 3.71
MC5IL4 3.28 MC9IN4 3.83 OH7TOO 2. 36
MC5IL5 3.07 MC9IN5 2.68 0H70H2 1. 09
MC5IA6 5. 16 MC9IL2 4.22 0H70H3 1. 16
MC6PH0 0.82 MC9IL3 5.89 OH7IN3 2.03
MC6CH0 3.70 MC9IL4 4.05 OH7IN4 2.82
MC6TOO 1.42 MC9IL5 3.70 OH7IN5 1.81
MC60H2 1.05 OHlPHO 0.66 OH7IL2 4.42
MC60H3 1.00 OH1CHO 2.73 OH7IL3 5.34
MC6IN3 2.38 OH1TO0 0.46 0H7IL4 3.46
MC6IN4 4.74 OH1NEO 0.58 OH7IL5 3.06
HC6IN5 3.69 0H1APO 1. 12 OH8PHO 0.92
MC6IL2 4.68 0H10H3 0.35 OH8CH0 5.51
MC6ILU 4.71 0H1IN4 2.91 OH8TOO 3.51
MC6IL5 4.44 0H1IN5 1 .70 0H80H2 2.28
BC7PH0 0.56 0H1IL2 3.66 0H8OH3 1.74
MC7CH0 1.26 0H1IL3 5.18 0HBIN3 3.28
MC7TO0 0. 51 0H1IL4 3.29 0H8IN4 4.72
HC7NE0 0. 14 0H1II-5 2.90 OH8IN5 3.22
ttC70H3 0.28 0H1IA6 6.03 OH8IL2 6,27
MC7IN3 0^24 OH4PHO 0.10 OH8TL4 5.36
MC7INU 1.91 OH4CHO 2.79 OH8IL5 4^96
MC7IN5 1.06 OH4TO0 1.10 IN1PH0 1.21
MC7IL2 r.6i 0H4NEa 0.32 IN1NOO 1.08
HC7IL3 3.37 0H40H2 0.47 IH1GV0 8.31
MC7IL4 1.66 OH4IN3 0.58 IN1TOO 1.28















IN10H2 0.60 IN7IN3 1.14 WI4NE0 2.64
IN10H3 0.93 IN7IN4 0.64 WI4IN3 2.73
IN1IN3 0.20 IN7IN5 0.35 WI4IN4 3.63
IN1IN5 0.32 IN7IL2 2.47 WI4IL2 2.08
IN1IL2 1.21 IN7IL3 2.62 WI4IL3 2.65
IN1IL3 2.25 IN7IL4 0.95 WI4IL4 2.01
IN1TI,4 0.92 IN7IL5 1 .37 WI4IL5 2.40
IN1IA5 4.66 IN'7IA5 5.50 WI4MN8 2.27
IN1IA6 3.23 IN7IA6 4.21 HI4IA5 2.52
IN1B01 6.52 INBPHO 1.41 WI4IA6 1.66
IN2PH0 1.72 IN8CS0 3.66 WI4M01 5.25
IN2NO0 3.20 IN8NOO 1. 10 SfI6NOO 0.85
IN2GV0 9.78 IN8GV0 7.27 tfI6GV0 8.80
IN2CH0 2. 12 IN8CH0 2.72 WI6DU0 1.24
IN2TOO 1.79 IN8TOO 2.59 WI6TOO 0.85
IN2NE0 1.67 IN8NE0 1.92 WI6NE0 0.01
IN20H2 1. 11 IN80H2 1.52 WI60H2 0.34
IN20H3 1.43 IN80H3 1.67 HI60H3 0.58
IN2lNa 1.89 IN8IN3 1. 49 WI6IN3 0.32
IN2IN5 0.38 IN8IN4 1.48 WI6IN4 1.68
IN2IL2 3.33 IN8IN5 0. 13 WI6IN5 1.04
IN2IL3 3.93 IN8IL2 3.19 WI6TL2 0.62
IN2IL4 2.04 IN8IL3 3.50 WI6IL3 1.83
IN2IL5 2.38 IN8IL4 1.78 WI6IL4 0.61
IN2IA5 6.30 IN8IL5 1.53 HI6IL5 0.72
IN2ia6 4.86 IN8IA6 5.05 WI6HN8 3.41
IN6PH0 1.07 IN9PH0 2.87 WI6IA5 2.81
IN6CH0 2.40 IN9GV0 6.86 WI6IA6 1.52
IN6TO0 1.63 IN9CH0 3. 54 WI8NOO 0.63
IN6NE0 1.27 IN9TOO 3.97 WI8GV0 8.30
IN6AP0 0.67 IN9NE0 3.40 MI8DU0 1. 99
IN60H2 0.69 IN9AP0 1.20 WI8TOO 1.84
IN60H3 0,94 IN90H2 2.96 WI8NE0 1.41
IN6TN4 1.62 IN9IN3 2.78 HI80H2 1.32
IN6IL2 3.15 IN9IN4 2.53 WI8IN3 0.97
IN6IL3 4.29 IN9TN5 1 .63 WI8IN4 1.81
IN6IL4 2.37 IN9IL2 3.84 HI8IN5 1.30
IN6IL5 1.94 IN9IL3 3.58 Hr8lL2 0.76
IN6IA6 5.45 IN9IL4 2.15 WI8IL3 1.31
IN7PH0 1.36 IN9IL5 2.25 WI8IL4 0.32
IN7GV0 6.64 IN9Ia5 6.48 WI8IL5 0.62
IN7CH0 2.07 IN9IA6 5.27 WI8SN8 3.31
IN7TOO 2.32 IN9M01 7.29 WI8IA5 2.27
IN7NE0 1. 81 WI4GV0 9.42 WI8IA6 0.93
IN70H2 1.33 HI4DU0 0.57 WI8M01 4.82
IN70H3 1.52 WI4CH0 1,81 WI9NO0 0.85
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Table 33. tCobtinued)
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
WI9GV0 9. 16 IL6IN5 1.13 IL9IN4 1.63
HI9DD0 3.07 IL6IL2 1.81 IL9IN5 0.84
WI9TOO 1.70 IL6IL3 1.02 IL9IL2 2.71
WI9NE0 1.26 IL6IL5 1. 18 IL9IL3 2.24
WI90H2 1. 19 IL6HN8 5.99 IL9IL4 1.28
WI90R3 1,48 IL6IA5 3.79 IL9IL5 1.26
HI9IN3 0.92 IL6IA6 2.62 IL9IA5 5.12
WI9IU4 2,04 IL6M01 4.78 IL9IA6 3.95
WI9IK5 1.45 IL7CS0 4.-41 IL9M01 5.86
WI9IL2 0.38 IL7 NOO 1. 17 MN1NE0 4.56
WI9IL3 2.26 II.7GV0 6.37 «N1HN8 2.59
WI9IL4 0.94 IL7CH0 1.64 MN4N00 1.77
WI9IL5 0.96 IL7TOO 2.63 MN4GV0 8.91
WI9BN8 4.70 IL7NE0 2.36 MN4NE0 4.27
WI9IA5 3.63 IL7AP0 0.86 MN4MN8 1. 13
WI9IA6 2.24 IL70H2 1.77 MN4IA5 2.51
WI9M01 6.08 IL7IN3 1.34 HN4IA6 2.29
IL1PH0 2.55 IL7IN4 1.67 HN4M01 4.53
IL1NO0 0.37 IL7IN5 0.36 MN5NOO 0.30
IL1GV0 8. 15 IL7IL2 1.78 HN5GV0 9.68
IL1DU0 3.73 IL7IL3 1.58 HNSNEO 4.07
IL1CH0 0. 40 IL7IA5 4.47 MN5AP0 5.55
IL1TOO 2.49 IL7IA6 3.23 HN5IL2 3.49
IL1NE0 2.31 IL7M01 5.54 MN5IL3 3.61
IL1AP0 2.42 IL8GV0 5.29 HN5MN8 1.01
IL10H2 1.91 IL8CH0 2.48 HN5IA5 2.87
IL1IN3 1.40 IL8TOO 3.46 HN5IA6 2.48
IL1IN4 1.83 IL8NE0 3.09 HN5M01 5.23
IL1IN5 1.37 ILBAPO 1.05 MN6GV0 10.47
IL1IL3 1. 82 IL8IN3 2.19 MN6DU0 0.74
IL1IL5 1.27 IL8IN4 1.82 MN6CH0 3.60
TtlMNS 4.61 IL8IN5 1.13 MN6NE0 4.22
IL1IA5 2.95 IL8IL2 2.62 MN6AP0 5.84
IL1IA6 1.89 IL8IL3 1.82 MN6IL2 3.84
IL1M01 5. 13 IL8IL4 0.99 HN6IL3 4. 13
IL6PH0 2.88 IL8IL5 1.03 MN6MN8 2.61
IL6CS0 5.29 IL8IA5 4.64 MN6IA5 3.53
IL6NOO 0. 15 IL8IA6 3.55 MN6IA6 3.02
IL6GV0 6.35 IL8M01 5.21 MN6M01 6.06
IL6CH0 1.77 IL9GV0 5.72 HN7NOO 0.65
II6TOO 3.24 IL9CH0 2.48 MN7GV0 6.85
IL6NE0 3.07 IL9TOO 3. 19 MN7NE0 3.47
IL6AP0 1.78 IL9NE0 2.74 nN7IL3 1.66
IL60H2 2.47 IL9AP0 0.65 MN7IA5 0.72
IL6IN3 1.95 IL90H2 2.24 MN7IA6 0.66
IL6IN4 1,64 IL9IN3 1.96 MN7K01 2.49
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Table 33« (Continued)
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost ^r9ute Cost
MN9CS0 8.54 iA3A'p6 3.78 "518112 T764
MN9GV0 9.05 IA3IN3 2.67 IA8IL3 0.42
MN9DU0 1.19 IA3IN4 3.18 IA8IL4 0.53
MN9CH0 2.31 IA3IN5 2.74 IA8IL5 1.21
HN9NE0 3.56 IA3IL2 1.71 IA8MN8 2.68
HN9AP0 4.54 IA3IL3 1.69 IA8IA5 0.19
MN9IN4 3,99 IA3IL4 1 .30 IA8IA6 1,01
MN9IL2 2.46 IA3IL5 1.82 IA8M01 2.00
MN9IL3 2.58 IA3MN8 2.50 IA8KA8 4.66
MN9IL4 2. 17 IA3IA5 1.77 IA9GV0 6.67
MN9IL5 2.66 IA3M01 4.21 IA9DU0 3.71
MN9MN8 1.63 IA4NOO 0. 18 TA9CH0 1.67
MN9IA5 2. 19 IA4GV0 5.66 IA9NE0 3.56
HN9IA6 2.08 IA4DU0 1.48 IA9AP0 3. 06
MN9H01 4.73 IA4CH0 1.65 IA9IN3 2.50
IA1NOO 0.62 IA4NE0 3.47 IA9IN4 2.54
IA1GV0 6.21 IA4AP0 3.36 IA9IN5 2. 11
IA1DU0 0.33 IA4IL2 1.61 IA9IL2 1.58
IA1CH0 1.52 IA4IL3 0.69 IA9IL3 0.57
IA1NE0 12 IA4IL4 0.73 IA9IL4 0.45
IA1AP0 3.50 IA4IL5 1 .39 IA9IL5 1.13
IA1I12 1,54 IA4MN8 0.95 IA9MN8 3.72
IA1IL3 0.94 I&4IA6 0.02 IA9IA5 1.65
IA1IL4 0.87 IA4H01 1. 28 IA9IA6 0. 14
IA1MN8 0. 13 IA4KA8 3.76 IA9H01 3.04
IA1H01 1.80 IA7GV0 5. 17 E1O2GV0 4. 85
IA2CS0 7.41 IA7CH0 2.34 MO2CH0 1.92
IA2NOO 0.35 IA7NEa 4.23 M02IN4 2.39
IA2GV0 7.31 IA7AP0 3.66 H02IN5 1.93
IA2DU0 1.02 IA7IL2 2.27 B02IL2 1.84
TA2CH0 1.47 IA7IL3 1.03 H02IL3 0.28
IA2NE0 3.06 IA7IL4 1. 16 W02IL4 0.38
IA2AP0 3.55 IA7IL5 1 .84 fS02lL5 1,05
IA2IN4 2.94 IA7MN8 2.23 H02MN8 3.82
IA2IL2 1.51 IA7IR5 0.78 M02IA5 1.34
IA2IL3 1. 19 IA7IA6 0.78 M02IA6 1.04
IA2IL4 0.98 IA71101 0.80 H02M01 1.68
IA2IL5 1.55 IA7KA8 3.28 H02KA8 4.34
IA2HN8 0,88 lABCSD 6.63 MO3CS0 6.78
IA2IA6 0.91 IA8GV0 5.80 HO3GV0 6.49
IA2M01 2.94 lABDUO 2.98 HO3CH0 2.87
IA3NOO 0.55 IA8CH0 1.72 M03IN3 3.40
IA3GV0 8.31 IA8NE0 3.61 M03IN4 3.18
IA3DaO 2. 12 IA8AP0 3.09 M03IN5 2.71
IA3CH0 1.65 IA8IN4 2.61 M03IL2 2.81
IA3NE0 3.26 IA8IN5 2.19 M03IL3 1.36
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Table 33. (Continued)
Coded Oppor, Coded Oppor. Coded ** Oppor
route Cost route Cost route Cost
M03lLa 1.22 M07IA5 2.29 NB3CH0 '2.86
M03IL5 1.88 H07IA6 1.81 NB3NEa 4.66
M03MN8 5.67 M07M01 1.39 NB3AP0 4.47
M03ia5 3.37 H07KA8 1.22 NB3IL3 1.80
M03IA6 2.33 MO9CS0 4.76 NB3MN8 1. 50
M03M01 3.93 MO9GV0 5.14 NB3IA5 1.14
M03KA8 6.59 MO9CH0 4. 36 IJB3IA6 1,23
MO4GV0 3.14 M09IN3 3.91 NB3M01 1.63
M04IN4 2.71 M09IN4 3.59 NB3KA8 2.84
M04IL2 2.49 M09IN5 2.79 NB4NOO 2.72
M04IL3 0.90 M09IL2 4.52 NB4GV0 2.77
H04IL4 0.87 H09IL3 3.62 NB4CH0 2.44
ri04IL5 1.49 M09IL4 2.68 NB4NE0 4.29
H04MN8 4.43 M09IL5 2.91 NB4AP0 3.75
H04IA5 2.31 M09IA5 6.32 NB4M01 0.68
M04IA6 1.84 M09IA6 5.32 NB5CS0 6.36
H04M01 1-83 n09H01 6.51 NB5NOO 0.70
M04KA8 2.94 ND6NE0 4.58 NB5GV0 2.86
M05GVO 5.70 ND6KN8 1.80 NB5LA0 1.53
KO5CH0 3.89 ND9NE0 4.52 NB5SL0 1.39
M05IN4 3.91 Nt)9MN8 1. 44 NB5CH0 1,70
M05IN5 3.38 ND9IA5 2.72 NB5NE0 3,56
M05IL2 •3.85 SD3NE0 4.23 NB5AP0 3.05
M05IL3 2.31 SD3MN8 0.83 NB5MT0 1.54
M05IL4 2.15 SD3IA5 2.04 NB5HN8 0,48
M05IL5 2.73 SD3IA6 1.92 NB5IA6 0.08
H05MN8 6.61 SD3M01 3.80 NB5KA8 0.08
M05IA5 4.33 SD6N00 0.20 NB8GV0 3,61
H05IA6 3.61 SD6GV0 6.39 NB8IA0 4.41
I105M01 4.19 SD6NE0 3.67 NBBSLO 4.77
M05KA8 6.20 SD6MN8 0.03 NB8CH0 2.36
I1O6GV0 5.83 SD6IA5 0.78 NB8NE0 4.25
KO6CH0 3. 22 SD6IA6 0.77 NB8AP0 3.38
M06IN3 3.33 SD6M01 2.22 WB8IL3 0.93
M06IN4 2.98 SD9GV0 5.90 NB8NN8 2.06
M06IN5 2.40 SD9DU0 1.02 NB8IA5 0.84
M06IL2 3.25 SD9NE0 4.32 NB8IA6 0.84
M06IL3 1.72 SD9AP0 4.53 NB8M01 0,80
M06IL4 1.43 SD9MlfB 0.81 NB8KA8 1.22
M06IL5 1.91 SD9IA5 1.03 KA2GV0 2. 83
n06lA5 4.56 SD9IA6 1.09 KA2NE0 4.38
M06IA6 3.60 SD9M01 1.98 KA2AP0 3-34
M06M01 4.90 SD9KA8 3.30 KA2WT0 3.50
MO7GV0 0.26 NB3GV0 5.41 KA2IL3 1.00
M07IL3 0.72 NB3LA0 4.78 KA2MN8 2. 15
M07IL4 0.55 NB3SL0 4.08 KA2IA5 1.00
253
Table 33« tCo^ini^dJ
Coded Oppor. Coded Oppor. Coded Oppor.
route Cost route Cost route Cost
KA2IA6 d.99 DUOURO 1 22.26 DU0NG02 0. 0l"
KA2H01 0.36 DU0UR02 2,36 DD0SA01 23.49
KA2KR8 0.U2 DUOP001 19.74 DU0SA02 2.42
KA3GV0 4.37 DU0PU02 2.52 DO0KN01 29.99
KA3NE0 5.38 DUOCLO1 21. 31 DDOKN02 3.48
KA3RP0 4. 16 DU0CLO2 2.64 D00ID01 34.00
KA3IL3 1.95 DU0SW01 14. 51 DU0ID02 4.22
KA3IL4 2.07 DUaSW02 0.19 DO0PK01 34.13
KA3MN8 4.02 DU0NW01 14.55 DO0PK02 4.26
KA3IA5 2.36 DD0NW02 0.18 D00VN01 38.14
KA3IA6 2.22 DUOFNO1 16.09 Dn0VN02 5.76
KA3M01 1.53 DO0FN02 0.56 DOOPP01 36.74
KA3KA8 2.53 DO0DN01 14. 62 DD0PP02 5,53
KA5NOO 2.56 DO0DN02 0.14 DUOHKOI 36.39
KA5GV0 3.38 DU0OK01 13. 15 DU0HK02 5.42
KA5NE0 6.37 DU0IR01 12.88 DO0JP01 31.84
KA5AP0 4. 94 DO0NH01 12.57 DU0JP02 4.77
KA5HT0 4.59 DU0NH02 0.01 DU0CN01 8.45
KA5IA5 3.20 D^OBLO 1 12.60 DOOAGO1 20.67
KA5M01 2. 33 DUOBL02 0.04 DU0RG02 0.01
KA6PH0 5.37 DUOFRO1 15. 12 DU0AU01 30.00
KA6CS0 6.94 DU0PR02 0.51 DU0AU02 4.45
KA6GV0 3.82 DUOWGO 1 13.12 CH0MX01 18.07
KA6NE0 5.52 DU0WG02 0. 15 CH0MX02 2.77
KA6AP0 3.94 DU0EG01 14.67 CH0PA01 17.12
KA6IL3 2. 13 DDOPOO1 17. 21 CH0PA02 2. 19
KA6IL4 2.20 DtJ0PO02 0.60 CH0JH01 16.04
KA6MN8 4.86 DUOSIO 1 16.44 CH0JM02 1.89
KA6IA5 2. 99 DU0SI02 0.55 CH0TR01 15.95
KA6IA6 2.73 DU0PG01 14.83 CH0TR02 1.52
KA6M01 2.22 DU0PG02 0.24 CH0VZ01 16.27
KA6KA8 2.57 DU0IT01 17. 12 CH0VZ02 1.79
KA9IA5 1.06 DU0IT02 0.71 CH0BZ01 20.24
KA9IA6 0.75 DUOTKOl 18.96 CHOBZ02 2. 00
DUOMXOI 18. 20 DU0TK02 1.05 CH0UR01 22. 12
DU0HX02 2.78 DOOMRO1 17. 12 CH0OR02 2.35
DU0PA01 17.26 DU0MR02 0.56 CHOP001 19.60
DU0PA02 2.20 DUOTUOI 17. 86 CH0PU02 2. 51
DUOJtlOl 16. 17 DU0TU02 0.01 CH0CL01 22.02
DU0JE102 1.90 DUOUAO 1 18.90 CH0CL02 2. 94
DU0TR01 16.08 DU0UA02 1 .03 CH0SW01 14.36
DUOTR02 1.53 DU0IS01 19.20 CHOSW02 0. 19
DU0VZ01 16. 40 Dn0IS02 1.11 CH0NW01 14.41
Da0VZ02 1.81 DUOSNO 1 18. 22 CH0NH02 0. 17
DU0BZ01 20.36 DD0SN02 1 .06 CH0FN01 15.96

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Coded Oppor. Coded Oppor, Coded Oppor.
royte Cost route Cost route Cost
PHOiixO 1 16.24 PHJ0FN03 12. 80 PH0IT03 T3725~
PH0MX02 5,72 PH0FN04 3. 16 PH0IT04 3. 12
PHOMX03 12.39 PHODNOl 18. 26 PH0TK01 21. 23
PH0MX04 4.42 PH0DN02 5. 17 PH0TK02 5. 57
PH0PA01 16. 15 PH0DN03 12. 29 PH0TK03 14. 10
PH0PA02 5,46 PH0DNO4 3. 09 P-H0TK04 3. 10
PH0PA03 12. 19 PH0UK01 15. 72 PH0MR01 19. 29
PH0PA04 4. 14 PH0UK02 4. 64 PH0MR02 5. 05
PH0JH01 15.06 PH0UK03 11 . 03 PH0MR03 13. 55
PH0JM02 5.15 PH0UK04 3. 03 PHOME04 3. 10
PH0JM03 11.61 PH0IR01 16. 15 PHOT001 20. 24
PH0JM04 4.01 PHOIR02 4. 90 PHOTU02 4. 57
PH0TR01 15.75 PH0IR03 11. 35 PH0UA01 21. 19
PH0TR02 5.07 PH0IR04 3. 26 PH0UA02 5. 55
PH0TR03 11.80 PHONHO 1 15. 56 PH0OA03 14. 07
PH0TR04 3.75 PH0NH02 4. 80 PH0UA04 3. 09
PH0VZ01 15.76 PH0NH03 10. 59 PH0IS01 21. 53
PH0VZ02 5.23 PH0NH04 3. 07 PH0IS02 5, 65
PH0VZ03 11.91 PH0BL01 15. 12 PHOIS03 14. 26
PH0VZ04 3. 94 PH0BL02 4, 65 PH0IS04 3. 14
PH0BZ01 21.13 PH0BL03 10. 35 PH0SN01 19. 81
PH0BZ02 5. 97 PH0BL04 3. 00 PH0SN02 5. 32
PH0BZ03 14.31 PH0FR01 17. 44 PH0SN03 13. 91
PHOEZOU 3.62 PHOFR02 5. 05 PH0SN04 3. 32
PH0UR01 23.02 PH0FR03 11, 91 PH0NG01 21. 20
PH0aR02 6.32 PH0FR04 3. 13 PH0NG02 4. 24
PH0DR03 15.23 PHOWGO 1 15. 66 PH0SA01 25. 00
PH0UR04 3. 61 PH0WG02 4. 77 PHOSA02 6. 66
PH0PU01 19.47 PH0WG03 10. 62 PH0SA03 16. 16
PH0PU02 6. 08 PH0WG04 3. 02 PH0SA04 3. 57
PH0PU03 13.79 PHOEGO 1 17. 21 PHOKNOI 31. 49
PH0PU04 4. 14 PH0EG02 4. 62 PH0KN02 7. 71
PH0CL01 21.88 PHOP001 20. 37 PH0KN03 19. 66
PH0CL02 6.52 PHOP002 5. 45 PH0KN04 3. 57
PH0CL03 14.94 PHOP003 13. 72 PH0ID01 35. 50
PH0CL04 4.13 PH0PO04 3. 16 PH0ID02 8. 46
PH0SWO1 17.67 PH0SI01 18, 75 PH0ID03 21. 59
PHOSW02 5.05 PH0SI02 5. 09 PH0ID04 3. 57
PH0SW03 12. 00 PH0SI03 12. 90 PH0PK01 35. 63
PH0SWO4 3.08 PH0SI04 3. 08 PH0PK02 8. 48
PH0NW01 17. 71 PH0PG01 17. 47 PH0PK03 21. 6S
PH0NW02 5.04 PHOPG02 4. 90 PH0PK04 3. 57
PH0NW03 12.00 PH0PG03 12. 31 PH0VN01 38. 06
PHONWOU 3.05 PH0PG04 3. 14 PH0VN02 9. 39
PH0FN01 19.24 PHOITO 1 19. 44 PH0VN03 23. 12






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
NO0KN01 28. 77 GV0TR04 0. 19 GVONHOl" 9. 02
NO0KN02 a. 30 GV0VZ01 10. 99 GVONH04 0. 18
NO0KN03 16. 50 GV0VZ02 1. 13 GV0BL01 14. 67
NO0ID01 32. 78 GV0VZ03 8. 04 GV0BL02 2. 17
NO0ID02 5. 05 GV0VZ04 0. 17 GV0BL03 9. 06
NO0ID03 18. 42 GV0BZ01 17. 97 GV0BL04 0. 21
NO0PK01 32. 90 GV0BZ02 2. 47 GV0FR01 16. 50
NO0PK02 5. 07 GV0BZO3 11. 42 GV0FR02 2. 38
NO0PK03 18. 49 GV0BZ04 0. 21 GV0FR03 10. 34
NO0VN01 32. 89 GVOURO1 20. 22 GV0FR04 0. 24
NO0VN02 5. 07 GVOUR02 2. 95 GV0HG01 15. 18
NO0VN03 18. 48 GV0UR03 12. 53 GV0WG02 2. 28
NO0PP01 31. 29 GVOUR04 0. 28 GV0WG03 9. 33
NOOPP02 4. 78 GYOPUOI 13. 83 GV0WG04 0. 23
1JO0PP03 17. 71 GV0PUO2 1. 66 GVOEGO1 16. 74
NOOHKO"^ 31. £. 1 GV0PU03 9. 39 GV0EG02 2. 13
NO0HK02 4. 76 GVOP004 0. 16 GVOPOOl 19. 16
NO0HK03 17. 67 GVOCL01 16. 24 GV0PO02 2. 69
NO0JP01 26. 42 GV0CL02 2. 10 GVOP003 11. 98
NO0JP02 a. 02 GV0CL03 10. 54 GV0PO04 0. 21
NO0JP03 14. 99 GV0CL04 0. 14 GVOSIO 1 17. 82
NO0CN01 15. 44 GV0SW01 16. 38 GV0SI02 2. 44
NO0CN02 3. 90 GV0SW02 2. 25 GV0SI03 11. 34
NO0CN03 10. 46 GV0SW03 10. 21 GV0SI04 0. 20
NO0CN04 2. 18 GV0SW04 0. 11 GVOPGOl 16. 39
NOOAG01 20. 26 GV0NW01 16. 16 GVOPG02 2. 18
NOORG02 1. 14 GV0NW02 2. 15 GV0PG03 10. 65
NOOA001 25. 97 GV0NW03 10. 07 GV0PG04 0. 21
NO0AU02 4. 22 GV0NW04 0. 02 GV0IT01 18. 50
NO0A003 14. 47 GV0FN01 17. 19 GV0IT02 2. 58
NO0AU04 0. 16 GV0FN02 2. 33 GV0IT03 11. 68
GVOMX01 8. 69 GV0FN03 10. 56 GV0IT04 0. 22
GV0MX02 0. 57 GV0FN04 0. 01 GV0TK01 20. 26
GV0MX03 6. 85 GVODNO1 16. 48 GV0TK02 2. 89
GVOMXOU 0. 01 GV0DN02 2. 19 GV0TK03 12. 51
GVOPA01 10, 50 GVODN03 10. 21 GV0TK04 0. 20
GV0PA02 1. 03 GV0UK01 15. 38 GV0MR01 18. 37
GV0PA03 7. 79 GV0UK02 2, 20 GV0MR02 2. 39
GVOPAOU 0. 16 GV0DK03 9. 81 GV0MR03 11. 99
GV0JM01 10. 06 GVOUK04 0. 27 GV0MR04 0. 21
GV0JI102 0. 97 GV0IR01 15. 13 GVOTUO1 19. 25
GV0JM03 7. 58 GV0IR02 2. 21 GV0TU02 1. 88
GVOJMOa 0. 17 GV0IR03 9. 73 GV0UA01 20. 30
G^OTROI 11. 94 GV0IR04 0. 34 GV0UA02 2. 90
GV0TF02 1. 33 GV0NH01 14. 62 GV0DA03 12. 53
GV0TR03 8. 50 GVONH02 2. 13 6V0OA04 0. 21
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Table 33. (Continued)
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
GV0IS01 20. 51 GV0AGO1 20. 52 LA0CL06 "4. 42
GV0IS02 2. 96 GV0AG02 1. 31 LA0SW01 31. 57
GV0IS03 12. 65 GVOAUO1 24. 14 LA0SW02 11. 12
GVOISOU 0. 22 GV0AU02 3. 62 LA0SW03 21. 38
GV0SN01 17. 91 GVO Aa03 13. 90 tA0SW04 7. 54
GV0SN02 2. 30 LA0MX01 26. 30 LA0NW01 30. 94
GV0SN03 11. 76 LA0MX02 10. 34 LA0NH02 10. 86
GVOSNOU 0. 21 LA0MX03 19. 46 LA0NW03 20. 98
GV0NG01 19. 54 LA0MX04 8. 00 LA0NW04 7. 36
GV0NG02 1. 31 LA0PA01 22. 56 LA0FN01 32. 32
GV0SR01 22. 00 LA0PA02 8. 73 LA0FN02 11, 17
GV0SA02 3. 22 LA0PA03 17. 07 LA0FN03 21. 68
GV0SA03 13. 35 LA0PA04 6. 87 LAOFNOa 7. 43
GVOSAOU 0. 20 LAOJflOl 24. 08 LA0DN01 31. 66
GV0KN01 28. 49 LA0JM02 9. 40 LAODN02 11. 05
GV0KN02 4. 28 LA0JM03 18. 05 LAODN03 21. 36
GV0KN03 16. 85 LA0JM04 7. 3a LA0DN04 7. 44
GV0KN04 0. 20 LAOTHO 1 25. 05 LA00K01 30. 61
GV0ID01 32. 51 LA0TR02 9. 43 LA0UK02 11. 08
GVOID02 5. 02 LA0TR03 18. 42 LA0tJK03 21. 01
GVOID03 18. 78 LA OTP 0 4 7. 15 LA0UK04 7. 71
GV0ID04 0. 19 LAOVZOI 24. 51 LA0UK05 15. 03
GV0PK01 32. 63 LA0VZ02 9. 37 LA0UK06 5. 60
GV0PK02 5. 05 LA0VZ03 18. 19 LA0IR01 30. 53
GV0PK03 18. 84 LA0VZ04 7. 21 LA0IE02 11. 15
GV0PK04 0. 20 LA0yZ05 13. 97 LA0IR03 21. 03
GV0VN01 32. 43 LA0VZ06 5. 79 LA0IR04 7. 82
GV0VN02 4. 98 LAOBZO1 31. 28 LA0NH01 29. 70
GV0VN03 18. 72 LA0BZ02 10. 64 LA0NK02 10. 96
GVOVNOa 0. 15 LA0BZ03 21. 45 LA0NH03 20. 12
GV0PP01 30. 82 LA0BZ04 7. 21 LA0NH04 7. 58
GVOPP02 4. 67 LA0BZ05 15. 22 LA0NH05 14. 00
GV0PP03 17. 95 LA0BZ06 5. 02 LA0NH06 5. 39
GV0PP04 0. 15 LAOURO 1 32. 04 LA0BL01 29. 47
GV0HK01 30. 48 LA0tJR02 10. 57 LA0BL02 10. 89
GV0HK02 4. 57 LA0UR03 21. 67 LAOBL03 20, 00
GV0HK03 17. 75 LA0UR04 6. 94 LAOBt.04 7. 55
GVOHKOU 0. 09 LA0PU01 22, 43 LA0BL05 13. 93
GV0JP01 26. 01 Li0PU02 8. 06 LAOBL06 5. 37
GV0JP02 3. 95 LA0PU03 16. 60 LA0FR01 31. 22
GV0JP03 15. 26 LA0PU04 6. 08 LA0FR02 11. 06
GV0JP04 0. 17 LA0CL01 24. 57 LA0FR03 21. 22
GV0CN01 15. 21 LA0CL02 8. 40 LA0FR04 7. 56
GV0CN02 3. 89 LA0CL03 17. 59 LA0HG01 30. 26
GV0CN03 10. 84 LAOCL04 6. 00 LA0HG02 11. 11
GVOCNOU 2. 39 LA0CL05 12. 99 LA0WG03 20. 42
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Table 33. (Continued)
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
LROWGOU 7. 64 LA0IS04 7. 52 LA0CN02 12. 15
LA0HG05 14. 15 LA0IS05 16. 18 LA0CN03 21. 02
LA0WG06 5. 38 LA0IS06 4. 94 LA0CN04 9. 45
LA0EG01 31. 81 LA0SN01 31. 74 LA0AG01 33. 45
LA0EG02 10. 96 LA0SN02 10. 66 LA0AG02 9. 33
LAOP001 34. 72 tA0SN03 22. 11 LA0AU01 23, 89
LAOP002 11. 70 LA0SN04 7. 32 LA0AU02 6. 71
LA0PO03 23. 37 LAONG01 32. 47 LA0AU03 15. 79
IA0PO04 7. 72 LA0NG02 9. 34 LA0AU04 3. 88
LA0SI01 32. 54 LAOSA 0 1 30. 18 LA0AU05 10. 66
LA0SI02 11, 12 LA0SA02 9. 46 LAOA006 2. 08
LA0SI03 22. 21 LA0SA03 20. 30 SL0MX01 28. 30
LA0SI04 7. 52 LA0SA04 6. 01 SL0MX02 11. 64
LAOPGO 1 31. 33 LA0SA05 14. 04 SL0MX03 20. 53
LA0PG02 10. 96 LA0SA06 3. 82 SL0MX04 8. 94
LAOPG03 21. 67 LA0KN01 40. 26 SL0PA01 24. 52
LA0PG04 7. 59 LA0KN02 11. 86 SL0PA02 10. 01
LA0PG05 15. 54 LA0KN03 25. 96 SL0PA03 18. 13
LA0PG06 5. 44 LA0KN04 6. 84 St,0PA04 7. 81
LA0IT01 33. 21 LA0ID01 35. 63 SL0JM01 26. 06
LA0IT02 11. 27 LA0ID02 9. 37 SL0JM02 10. 68
LA0J:T03 22. 55 LA0ID03 22. 70 SLOJi!03 19. 11
LA0IT04 7. 54 LAOID04 4. 84 SL0aM04 8. 28
LA0IT05 15. 84 LA0PK01 36. 70 SL0TR01 27. 02
LA0IT06 5. 18 LA0PK02 9. 75 SL0TR02 10. 71
IA0TK01 35. 02 LA0PK03 23. 32 SL0TR03 19. 48
LA0TK02 11. 60 LA0PK04 5. 07 SL0TR04 8. 09
LA0TK03 23. 41 LA0VN01 27. 07 SL0VZ01 26. 49
LA0TK04 7. 53 LA0VN02 6. 14 SL0VZ02 10. 66
IA0TK05 16. 17 LA0VN03 17. 54 SI0VZ03 19, 25
LA0TK06 4. 95 LA0VN04 2. 85 SL0VZ04 8. 16
LA0MR01 32. 96 LAOPPO 1 26. 69 SL0VZ05 14. 35
IA0KR02 11. 03 LA0PP02 6. 30 SLOVZ06 6. 44
LA0ME03 22. 79 LA0PP03 17. 50 SL0BZ01 33. 25
LA0MR04 7. 51 LA0PP04 3. 12 SL0BZ02 11. 92
LA0MR05 16. 25 LA0HK01 25. 51 SL0BZ03 22. 50
LA0MR06 5. 23 LA0HK02 5. 88 SLOBZ04 8. 15
LA0TD01 33- 95 LA0HK03 16. 81 SLOBZ05 15. 58
LA0TU02 10. 58 LA0HK04 2. 89 SL0BZ06 5. 67
LA0UA01 34. 92 LAOJPO 1 22. 79 SL0OR01 33. 09
LA0UA02 11. 56 LA0JP02 5. 92 SL0UR02 11. 50
LA0UA03 23. 36 LA0JP03 15. 36 SL0UR03 22. 18
LA0UA04 7. 51 LA0JP04 3. 36 SL0DR04 7. 67
LA0IS01 35. 11 LA0JP05 10. 52 SLOPU01 24. 44
LA0IS02 11. 61 LA0JP06 1. 69 SL0PU02 9. 36
LA0IS03 23. 46 LA0CN01 28. 76 SL0PU03 17. 68
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Table 33. (Continued)
Coded Oppor. Coded Oppor. Coded Oppor
route Cost route Cost route Cost
SLOPU04 ^7. 02 SL0FR02 12. 35 SL0UA02 11176
SLOCL01 26. 57 SL0FR03 22. 28 SL0UA03 24. 27
SLOCL02 9. 69 SL0FR04 8. 49 SL00A04 8. 39
SL0CLO3 18. 67 SLOWGO1 32. 23 SLOIS01 37. 11
SLOCLOU 6. 94 SLOWG02 12. 40 SL0IS02 12. 91
SL0CL05 13. 37 SL0WG03 21. 48 SL0IS03 24. 53
SL0CL06 5. 09 SL0WG04 8. 57 SL0IS04 8. 47
SL0SW01 33. 55 SL0WG05 14. 51 SL0IS05 16. 56
SL0SW02 12. 41 SL0WG06 6. 04 SL0IS06 5. 60
SL0SW03 22. 43 SL0EG01 34. 78 SLOSN01 33. 72
SL0SW04 8. 48 SL0EG02 12. 62 SL0SN02 11. 95
SL0NW01 33. 04 SLOP00 1 36, 25 SL0SN03 23. 17
SL0NW02 12. 19 SL0PO02 12. 82 SL0SN04 8. 27
SL0NW03 22. 12 SL0PO03 24. 16 SL0NG01 34. 40
SLONW04 8. 33 SLO POO 4 8. 56 SL0NG02 10. 60
SL0FN01 3U. 29 SLOSIOI 34. 53 SL0SA01 37. 17
SL0FN02 12. 46 SL0SI02 12. 43 SL0SA02 12. 63
SL0FNO3 22. 74 SL0SI03 23. 29 SLOSA03 24. 37
SL0FN04 8. 37 SLOSI04 8. 47 SL0SA04 8. 11
SL0DN01 33. 66 SL0PG01 33. 30 SL0SA05 16. 28
SL0DN02 12. 35 SLO PG02 12. 24 SL0SA06 5. 19
SL0DN03 22. 43 SL0PG03 ?2. 72 SL0KN01 38. 78
SI0DN04 8. 38 SL0PG04 8. 53 SL0KN02 11. 85
SLOUKOI 32. 58 SL0PG0 5 15. 90 SL0KN03 24. 94
SL0OK02 12. 36 SL0PG06 6. 10 SL0KN04 6. 98
SL0UK03 22. 06 SLOITO 1 35. 18 SL0ID01 32. 91
SLOUKOa 8. 66 SL0IT02 12. 56 SL0ID02 8. 90
SL0DK05 15. 40 SL0IT03 23. 60 SL0ID03 20. 93
SL0UK06 6. 25 SL0IT04 8. 49 SL0ID04 4. 70
SL0IR01 32. 51 SL0IT05 16, 22 SL0PK01 33, 95
SL0IE02 12. 44 SL0IT06 5. 84 SL0PK02 9. 27
SI0IR03 22, 08 SL0TK01 37, 03 SL0PK03 21. 55
SLOlEOa 8. 77 SL0TK02 12. 90 SL0PK04 4. 92
SL0NH01 31. 67 SL0TK03 24. 49 SL0VN01 26. 20
SL0NH02 12. 25 SL0TK04 8. 48 SL0VN02 6. 37
SL0NH03 21. 18 SL0TK05 16. 55 SL0VN03 16. 89
SL0NH04 9. 52 SL0TK06 5. 62 SL0VN04 3. 14
SL0NH05 14. 37 SL0HE01 34. 93 SL0PP01 24. 53
SL0NH06 6. 04 SL0MR02 12. 32 SL0PP02 6. 04
SL0BL01 31. 47 SL0MR03 23. 85 SL0PP03 16. 07
SL0BL02 12. 19 SL0HR04 8. 44 SL0PP04 3. 12
SL0BL03 21. 07 SL0MR0 5 16. 61 SL0HK01 24. 06
SL0BL04 8. 50 SL0MR06 5. 88 SL0HK02 5'. 89
SI.0BL05 14. 31 SL0TU01 35. 93 SL0HK03 15. 81
SL0BL06 6. 03 SL0TU02 11. 86 SL0HK04 3. 03
SL0FR01 33, 19 SL0UA01 36. 65 SL0JP01 19. 52
Table 33. (Continued)
Coded Oppor
route Cost
S10JP02 5. 24
SL0JP03 13, 27
SLOJPOa 3, 09
SL0JP05 8, 93
SL0JP06 1. 60
SLOCN01 31. 08
SL0CN02 13. 56
SL0CN03 22. 28
SL0CN04 10. 47
SL0AG01 35. 38
SL0AG02 10. 60
SL0AU01 23. 84
SL0AU02 7, 23
SL0AU03 15. 63
SL0An04 4. 35
SL0AU05 10. 28
SL0AU06 2. 45
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